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FOREWORD 

This  Final  Report  eujouarizes  work  done  under 
Contract  DA-19-129-A*C-88(N),  "Microbial  Utilization  of 
Hydrocarbon  Fuel  Formulations  with  the  Production  of  Guma, 
Slimes,  Sludge  and  Surface  Active  Compounds",  during  the 
period  1  April  1963  to  28  September  1965-  This  contract 
was  initiated  by  the  Fungicides  and  Germicides  Laboratory, 
Pioneering  Research  Division,  Quartermaster  Research  and 
Engineering  Center,  Natick,  Massachusetts,  with  Dr.  A.  M. 
Kaplan  as  Project  Officer. 


Abstract 


The  role  of  microorganisms  in  the  deterioration  of  fuels  and  in  the 
production  of  sludges  and  surfactants  was  investigated.  RP-1  and  CITS  (Com¬ 
pression  Ignition  Turbine  Engine)  fuels  supported  microbial  growth  in  10)1 
natural  sea  water  medium.  Growth  w;  s  stimulated  by  three  approved  fuel 
soluble  corrosion  inhibitors  and  by  the  addition  of  inorganic  nitrogen  and 
phosphorus  salts  to  the  aqueous  medium.  However,  fuel  exposed  to  microorganisms 
for  16  weeks  still  met  Military  specifications  for  quality. 

The  type  of  hydrocarbon  fuel  component  which  supported  growth  of 
eight  pure  and  mixed  cultures  of  bacteria  and  fungi  was  established.  These 
cultures  were  then  used  to  produce  eludge  from  fuel  and  pure  hydrocarbons • 
Methods  were  outlined  for  the  fractionation  and  analysis  of  sludge.  Insoluble 
sludge  was  found  to  be  primarily  microbial  cella.  Several  solvent  soluble 
fractions  were  characterized  as  normal  cell  components  and  fuel  components 
oxidized  by  the  test  organisms.  No  substantial  accumulations  of  extracellular 
proteins  and  carbohydrates  were  observed. 

Comparison  of  microbial  sludge  from  the  laboratory  with  a  field 
sample  indicated  both  contained  essentially  the  same  components.  However, 
microbial  sludge  was  markedly  different  from  normal  fuel  chemical  oxidation 
products. 

Fuelsweter  emulsions  were  stabilized  by  cells  and  probably 
microbial ly  oxidized  fuel  components.  Metabolic  studies  indicated  that 
recognized  pathways  were  followed  for  the  oxidation  of  n- par  affine  and 
naphthalene. 
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MICROBIAL  UTILIZATION  OF  HYDROCARBON  FUEL 
FORMULATIONS  WITH  THE  PRODUCTION  OF  GU»,  SLIMES, 
SLUDGE  AND  SURFACE  ACTIVE  COMPOUNDS 


I .  Introduction 


Microbiological  problems  associated  with  the  handling  and  rise  of  both 
Military  and  Commercial  jet  fuels  have  received  considerable  attention  in  recent 
years.  Information  obtained  on  jet  fuel  prompted  investigations  of  microbial 
problems  associated  with  other  distillate  fuels.  Only  a  paucity  of  information 
was  available  on  the  role  of  microorganisms  in  filter  plugging  and  instability 
propensities  of  diesel  and  heating  fuels. 

It  has  been  euggested  that  a  number  of  isolated  problems  encountered 
in  the  past  vith  distillate  fuels  and  attributed  to  poor  fuel  quality,  may  have 
actually  resulted  from  microbiological  contamination'^.  While  the  potential 
dangers  associated  with  jet  fuel  problems  are  much  greater  than  with  other 
distillate  fuels,  problems  encountered  in  the  latter  case  can  be  extremely 
costly  to  military  and  commercial  consumers. 

The  presence  of  "sludge",  •blime",  "gum"  and  "evfactants"  in  Jet  fuel 
bulk  storage  tanks  and  in  the  wing  tanks  cf  aircraft  contaminated  with  micro¬ 
organisms  is  well  documented.  While  the  ability  of  microorganisms  to  utilize 
hydrocarbons  and  to  grow  in  fuel  systems  in  close  association  with  water  has 
been  recognized  for  some  time,  their  role  in  the  formation  of  "sludge*,  "slime", 
etc.  has  not  been  elucidated.  The  origin,  properties,  and  chemical  nature  of 
these  materials,  and  their  relationship  to  microbial  activity,  also  have  not  been 
adequately  explained. 

A  project  was  initiated  at  Sinclair  Research,  Inc.,  under  Natick 
Contract  DA-19-129-AMC-88(N),  to  investigate  the  mechanisms  of  microbial  attack 
on  fuel  and  to  determine  the  chemical  nature  of  products  formed.  Specifically, 
the  objectives  as  outlined  in  the  original  agreement  are  as  follows: 


(l)  A.T.  Knocht,  Jr.  and  F.  M.  Watkins,  1963,  "The  Influence  of  Microorganisms 
on  the.  Analysis  cf  Petroleum  Products",  Development  in  Industrial 
Microbiology,  Vol.  h,  P.  17-23,  AIBS  Publication. 


1.  To  establish  the  ability  of  various  cultures  to  attack 
hydrocarbon  fuels  and  to  form  guns,  slines,  sludge  and 
surface  active  agents. 

2.  To  establish  which  components  of  the  fuel  are  attacked 
in  the  process  of  gum,  slime,  sludge  and  surfactant 
formation. 

3.  To  study  at  least  one  fuel  which  is  not  readily  attacked 
by  the  cultures  and  determine  the  factor(s)  for  resistance. 

Lt.  To  determine  the  chemical  nature  of  the  gums,  slimee,  sludge 
and  surfactants  produced  by  the  test  organisms.  These 
materials  will  be  compared  with  similar  materials  produced 
by  the  normal  chemical  degradation  processes  which  occur 
in  hydrocarbon  fuels. 

5.  To  determine  how  microorganisms  utilise  hydrocarbon  fuel 
formulations  to  produce  gums,  slimes,  sludge  and  sur¬ 
factants. 

6.  To  determine  the  probable  metabolic  pathways  involved  in 
the  formation  of  these  materials  by  microorganisms. 
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II.  Summary  and  Conclusions 


1.  Tha  ability  of  RP-1  rockat  foal  and  CITS  (Compreeeir-.  Ignition  Turbina 
Engine)  fuel  to  support  microbial  growth  was  demons  rated  in  laboratory 
tests.  RP-1  fuel  was  included  in  the  study  because  of  reports  that 
indicated  it  was  resistant  to  microbial  attack.  Both  fuels  still  mat 
Military  specifications  fcr  quality  after  exposure  to  microbial  activity 
for  8  and  16  weeks  respectively. 

2.  A  blend  of  additive  free  CITE  fuel  was  prepared  for  use  in  laboratory 
studies  on  microbial  sludge  production.  Detailed  hydrocarbon  type  analyses 
of  the  fuel  were  made  in  addition  to  the  chemical  and  physical  test  data 
outlined  in  Military  specifications  for  quality. 

3-  Differences  were  noted  in  the  extent  and  type  of  corrosion  which  occurred 
in  laboratory  teste,  depending  on  whether  the  ay’s  tern  was  inoculated  or 
e -us rile.  In  metal  containers  with  active  water  bottoms  the  corrosion 
extended  an  inch  or  more  above  the  water  surface,  up  the  sides  of  the  can. 
Corrosion  was  confined  to  the  water  covered  areas  in  sterile  unite.  In 
glass  containers,  corrosion  products  from  steel  wool  had  a  tendency  to 
agglomerate  in  the  active  unite,  and  to  remain  dispersed  in  the  sterile 
controls . 

U.  Approved  CITE  fuel  additives,  including  corrosion  inhibitors,  anti-oxidants, 
and  a  metal  deactivator,  were  evaluated  far  their  effect  on  microbial  growth. 
DuPont  AFA-1  corrosion  inhibitor  which  contains  both  nitrogen  and  phosphorus 
markedly  increased  microbial  growth  in  10$  aea  water  solutions  exposed  to 
the  fuel.  Two  other  corrosion  inhibitors.  Unicar  M  (contains nitrogen)  and 
Santolene  C  ( contains  phosphorus )  also  promoted  the  growth  of  microorganisms, 
but  to  a  lesser  extent  than  the  DuPont  additive.  A  substantial  increase  in 
microbial  growth  was  also  noted  when  nitrogen  and  phosphorus  salts  were 
added  to  the  aea  water  solution.  These  studies  indicate  that  sons  nitrogen 
and  phosphorus  containing  additives  may  promote  growth  in  the  field  and 
contribute  to  fuel  handling  problems. 

5.  Filterability,  stability  (axis ting  and  potential  gums)  and  water  content  of 
CITE  fuel  exposed  to  heavy  microbial  growth  were  found  to  be  within  normal 
limits.  However,  fuel  containing  the  corrosion  inhibitors,  Lubrisol  5Ul 
and  Tolad  21th,  after  exposure  to  both  active  and  sterile  water  bottoms, 
exhibited  poor  filterability  characteristics. 

6.  Sight  cultures  which  grew  well  on  CITE  fuel  were  characterised  as  to  the 
type  hydrocarbon  fuel  component  which  they  utilised.  The  majority  of  the 
cultures  utilised  paraffinic  component  a  ctf  the  fuel.  This  is  not  unexpected 
since  paraffine  oc~r"*uted  approximately  50$  of  the  hydrocarbon  types 
present  in  the  ten  fuel. 
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7.  Methods  were  outlined  for  the  fractionation  of  microbial  sludge.  Analyses 

were  made  primarily  on  the  Infrared  Spectrophotometer.  IB  techniques  lend 
themselves  well  to  this  type  of  investigation.  Also,  infrared  analysis  is  J 

used  throughout  the  Petroleum  Industry  «id  Government  for  the  characterise-  ! 

tion  of  materials  from  petroleum  products.  Observations  on  the  various 
fractions  «u'e  summarised  below  t 

[  .. 

Fraction  A  -  Material  insoluble  in  fuel,  water  and  tri -solvent  ( benzene- 
acetone  -n»  thy  1  alcohol  mixture).  Analyses  indicated  that  this  fraction  was 
primarily  microbial  cells  and  components  thereof.  This  was  established  by 
comparing  pure  and  mixed  cultures  of  bacteria  and  fungi  grown  on  pure  hydro¬ 
carbons  and  on  CITS  fuel.  Comparison  of  material  from  the  laboratory  with 
microbial  sludge  from  the  field  indicated  that  they  were  basically  the  same. 
However,  microbial  sludge  from  the  laboratory  and  field  differed  greatly 
from  a  sample  of  fuel  chemical  oxidation  products. 

Fraction  B  -  Material  insoluble  in  fuel  and  water  but  soluble  in  tri -solvent. 
This  fraction  was  expected  to  contain  normal  chemical  oxidation  products  of 
fuel;  however,  none  were  detected  because  of  the  excellent  stability  of  tha 
test  fuel.  Materials  extracted  by  the  trl -solvent  were  primarily  cellular 
lipids.  Trace  quantities  of  proteins  and  carbohydrates,  including  amino- 
sugars  were  also  found.  Free  organic  adds  were  detected  in  several  samples 
from  cultures  grown  on  CITE  fuel. 

Fraction  C  -  Aqueous  phase  after  distillation.  Extracellular  proteins  and 
carbohydrates  were  present  in  low  concentrations  in  the  aqueous  iradla.  Small 
quantities  of  these  materials  would,  however,  support  the  growth  of  "scavenger* 
organisms.  A  variety  of  other  complex  organic  structures  were  detected  in 
several  a  maples .  For  the  moat  part,  these  compounds  appeared  to  be  microbial 
pigments .  Benzoic  and  p-toluio  acids  were  extracted  from  one  ferment or  run 
employing  a  culture  which  oxidised  naphthalenes. 

Fraction  D  -  Water  soluble  materials  extracted  from  the  sludge  were  identified 
as  cellular  components.  These  materials  were  probably  released  from  the 
cells  due  to  lysis  caused  by  the  distilled  water  washes. 

Fraction  B  -  Hexane  soluble  materials  extracted  from  the  sludge  were  found  to 
be  primarily  cellular  lipids  and  residual  hydrocarbon  fuel  components.  Free 
organic  acids  were  observed  in  extracts  of  material  from  fermentor  i-uns  with 
CITE  fuel.  Avulsions  which  formed  in  the  fermentor  were  stabilized  by  cells, 
probably  because  of  their  lipid  content.  The  free  organic  adds  detected 
could  have  contributed  to  this  problmx . 

8.  Metabolic  studies  with  two  pure  cultures  indicated  that  recognized  pathways 
for  the  oxidation  of  n-peraffins  and  naphthalene  weore  followed.  Warburg 
b+'~*1.o  with  octane  and  naphthalene  grown  cells  indicated  th*„  ictanoic  and 
■/licylic  acids  were  intermediate  in  the  oxidation  of  the  reaps-  ive  hydro¬ 
carbons.  Hexancic  and  heptanoic  acids  were  also  utilised  by  the  octane  cells 
as  were  the  corresponding  hydrocarbons. 

9.  Pentene-l  and  hexene-1  inhibited  the  oxidation  of  both  n-octana  and  naphthalene, 
including  the  endogenous  activity  of  the  paraffin  oxidizer.  However,  the 
inhibitors  had  no  effect  on  the  endogenous  activity  of  the  naphthalene  oxidizer 
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III.  Results  *nd  Discussion 


A.  RP-1  Fuel  Storage  Tests 

A  sample  of  RP-1  Rocket  Fuel  (Natick  Voucher  No.  30^0-63)  was  supplied 
by  the  Natick  Laboratories  for  use  in  this  program.  Reportedly,  the  fuel  was 
resistant  to  microbial  attack.  A  series  of  tests  were  set  up  to  establish  this 
point. 

Storage  tests  were  set  up  with  the  RP-1  fuel  over  diluted  natural  eea 
water  bottoms  (ratio  of  fuel  to  water,  20:1).  The  bottoms  were  inoculated  with 
a  composite  of  contaminated  tank  bottom  samples  obtained  from  a  number  of  fuel 
oil  storage  tanks  just  prior  to  cleaning.  Appendix  A  describes  the  procedures 
employed  in  setting  up  the  tests  and  describes  the  various  components  used.  The 
variables  included  in  the  tests  were  the  presence  of  iron  and  the  addition  of 
inorganic  nitrogen  and  phosphorus  salts  to  the  bottoms.  Ferrous  festal  was 
included  to  more  closely  eimulate  field  storage  conditions  and  to  check  the 
effect  of  iron  oxides  on  microbial  growth  and  fuel  quality.  Nitrogen  and  phos¬ 
phorus  salts  were  added  to  supplement  the  sea  water  which  contained  only  trace 
quantities  of  these  elements  -  0.6  and  0.03  ppm  respectively*  The  RP-1  fuel 
contained  1.5  ppm  nitrogen  and  O.U  ppm  phosphorus,  probably  in  the  form  of 
additives.  Most  routine  culture  media  contain  considerably  more  nitrogen  and 
phosphorus  than  the  quantities  present  in  this  tsst  system. 

1.  Microbiological  Observations 

Composite  fuel  oil  water  bottoms  used  tc  inoculate  the  test  systems 
contained  fungi,  yeast,  and  bacteria,  including  sulfate-reducers,  and  appeared 
to  be  representative  of  most  natural  tank  bottom  flora.  The  microbial  flora 
appeared  particularly  desirable,  having  been  exposed  to  fuel  oil  which  contains 
substantial  quantities  of  the  same  types  of  paraffins  and  encompasses  the  same 
distillation  range  as  the  RP-1  fuel.  Also,  these  two  fuels  have  at  least  one 
additive  in  conmon. 

All  units  were  sampled  at  bi-weekly  intervals  over  a  period  of  eight 
weeks.  An  estimate  was  made  of  the  nunber  of  viable  microorganisms  present  In 
the  water  bottoms  of  series  I,  II,  HI  mad  IV  (Active  units).  All  sterile 
control  units  (V,  VI,  VII,  VIII,  II  and  l)  were  checked  for  contamination  in 
nutrient  broth  medium.  The  methods  and  media  employed  are  presented  in 
Appendices  A,  B  and  C. 

The  results  of  these  analyses  are  presented  in  Table  I.  Maximum 
numbers  were  observed  in  all  active  units  at  the  end  of  four  weeks.  As  would 
be  expected,  the  two  series  containing  added  nitrogen  and  phosphorus  had  the 
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highest  counts.  The  source  of  these  elements  in  the  field  is  apparently  of 
considerable  importance  in  contamination  problems.  Unfortunately,  this  point 
has  received  little  attention. 

Photographs  (Plates  1,  2  and  3)  »de  initially  and  after  eight  veeka 
storage,  clearly  demonstrate  the  build-up  of  rust  in  the  units  containing  steel 
vool.  The  excessive  quantities  of  rust  apparently  caused  the  pH  of  the  water 
bottoms  to  drop  in  series  I,  II.  V  and  VI.  Obviously,  microorganisms  old  not 
cause  ths  acidic  conditions  since  they  also  developed  in  the  sterile  systems, 
least  forms  appeared  to  be  encouraged  by  the  acid  environment  in  series  I  and  II. 

A  predominance  of  bacteria  waa  noted  in  series  III  which  contained  only 
sea  water.  Perhaps  the  consistently  high  pH  of  the  water  bottoms  favored  their 
growth.  Fungus  growth  at  the  interface  of  series  I,  II  and  IV  Is  clearly  visible 
in  Plates  2  and  3»  The  tan  fungus  observed  in  most  of  the  test  series  was 
tentatively  identified  as  a  member  of  the  Genua  Cladoaporium. 

Table  II  compares  the  results  cf  microbiological  analyses  obtained  on 
series  II  units  with  the  results  obtained  on  a  duplicate  of  this  series  set  up 
with  commercial  jet  fuel  (kerosine).  Under  the  conditions  of  this  storage  test 
it  appears  that  the  HP-1  fuel  supports  microbial  growth  at  essentially  the  same 
rate  as  kerosine.  Furthermore,  on  receipt  the  sample  of  RP-1  fuel  was  found  to 
contain  viable  microorganisms.  The  organisms  found  are  discussed  in  Section  U. 
below. 


2.  Fuel  Quality 

Complete  fuel  quality  tests  were  conducted  on  composite  fuel  samples 
from  the  three  units  in  each  series.  The  results  of  these  analyses  are  re¬ 
ported  in  Table  III.  Only  slight  variations  were  observed,  all  of  which  could 
be  explained  on  the  basis  of  experimental  variation.  It  can  therefore  be 
concluded  that  the  quality  of  the  RP-1  fuel  as  measured  by  these  tests  was 
unaltered  by  the  activities  of  microorganisms  or  the  presence  of  other  materials 
In  the  water  bottoms . 

When  the  contents  of  units  from  series  I,  II,  III  and  IV  were  mixed 
thoroughly  and  allowed  to  stand  for  a  short  period  of  time,  the  two  phases 
separated  rapidly.  If  surfactants  were  produced  by  the  microorganisms,  their 
effect  was  masked  by  the  high  salt  content  of  the  water  bottoms.  The  clarity 
of  the  fuel  is  demonstrated  in  the  photographs  (Pistes  2  and  3)  by  the 
sharpness  of  the  label  attached  to  the  reverse  side  of  the  bottle. 


Plat*  l.  RP-1  Series  I,  U,  HI,  IV  and  H,  Initially. 


RP-1  Series  I,  II,  V,  VI  and  H,  Aftr-r  ft  Weeks  Storage. 
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(1)  TBR  -  To  Be  Reported  (2)  FTM  -  Federal  Test  Method 


3«  Hydrocarbon  Type  Analyses  of  HP-1  Fval 

Composite  fuel  samples  from  'series  II  (active  inoculum,  steel  wool, 
and  added  nitrogen  and  phosphorus)  and  aeries  VI  (sterile  control  for  series  I) 
were  analysed  on  the  High  Temperature  Haas  Spectrometer,  Ultraviolet  Spectro¬ 
photometer,  and  Gas  Chromatograph.  These  techniques  are  routinely  used  to 
analyze  hydrocarbon  fuels.  In  most  cases  the  distribution  of  hydrocarbon 
components  in  treated  and  untreated  fuels  may  vary  only  slightly,  therefore 
requiring  extremely  sensitive  analytical  techniques. 

The  results  of  studies  on  EP-1  fuel  are  reported  in  Tables  TV  and  V. 
Analyses  by  the  three  analytical  techniques  failed  to  demonstrate  any  significant 
differences  in  the  hydrocarbon  cosrponents  of  the  initial  fuel  sample  and  the  two 
test  samples.  It  is  not  too  surprising,  however,  that  differences  were  not 
observed  in  these  samples,  since  relatively  large  volumes  of  fuel  ware  employed 
in  the  storage  tests.  The  amount  of  hydrocarbon  required  to  support  growth  of 
the  microorganisms  present  was  probably  very  small  and  not  limited  to  ai^y  one 
particular  type. 

U.  RP-1  Fuel  Contaminants 

The  sample  of  RP-1  rocket  fuel  provided  by  the  Natick  Laboratories  was 
found  to  contain  bacteria  and  fungi.  They  were  observed  in  droplets  of  water 
on  the  container  bottom  after  the  fuel  had  been  removed.  Two  cultures  vers 
isolated,  a  fungus  and  bacteria.  The  bacterial  isolate  grew  readily  on  the  RP-1 
fuel,  while  the  fungus  grew  very  poorly. 

An  attempt  was  made  to  determine  which  components  of  the  fuel  the 
organisms  utilized.  Two  test  series  were  set  up  in  triplicate  with  UO  ml  of 
mineral  salts  solution  and  50  ml  of  sterile  RP-1  fuel.  One  series,  number  H, 
was  inoculated  while  the  other,  series  HI,  served  as  a  sterile  control.  After 
seven  days  incubation  on  a  New  Brunswick  gyrotaiy  shaker  at  room  temperature, 
the  fuel  from  each  eerlea  was  combined  and  analyzed.  The  results  are  recorded 
in  Tables  IV  and  V, 

Haas  Spectrometer  and  Ultraviolet  Spectrophotometer  analyses  failed 
to  demonstrate  ary  differences  between  the  two  samples  of  fuel.  Gss  Chromatog¬ 
raphy,  on  the  other  hand,  revealed  slight  variations  in  the  distribution  of 
paraffins  in  the  lower  molecular  weight  range  (up  to  C^).  Unfortunately,  these 
samples  were  not  run  in  duplicate  and  these  slight  differences  may  be  within  the 
experimental  error  of  the  procedure. 

It  was  quits  apparent  from  these  studies  with  RP-1  fuel  that  direct 
analysis  of  exposed  fuel  would  not  provide  useful  information  on  the  hydrocarbon 
types  utilized  by  microorganisms.  An  indirect  approach  employing  pure  hydro¬ 
carbon  was  chosen.  The  procedure  used  and  results  obtained  are  presented  in 
Section  C4*  of  this  report. 


HYDROCARBON  TYPE  ANALYSES  OF  HP-1  FUEL  SAMPLES 
(Volume  Percent) 


TABLE  V 


CARBON  NUMBER  DISTRIBUTION  OF  COMPOUND  TYPES  , 
IN  SATURATE  FRACTIONS1  OF  RP-1  FUEL  BY  OAS  CHROMATOGRAPHY* 
_ (Volume  Perc ent ) 


Carbon 


Fuel 

Volume  Percent  in  Semple  Ccsn  do  Bites 


Paraffin 


1 

i, 

c<? 

Iso-  &  Cyclo- 

0.3 

0.6 

0.6 

0.1 

O.U 

7 

Normal 

o.U 

O.U 

o.5 

0.3 

o.U 

C10 

Iso-  &  Cyclo- 

1.2 

1.5 

1.5 

1.1 

1.6 

Normal 

1.9 

1.9 

1.8 

1.8 

1.8 

1 

C11 

Iso-  Sc  Cyclo- 

U.l 

'  Ii.ii 

L.O 

U.l 

U.o 

Normal 

5.1 

L.8 

U.8 

1.8 

U.8 

! 

C12 

Iso-  &  Cyclo- 

10.3 

10.0 

10.3 

10.3 

10.3 

i 

j 

Normal 

12.0 

10.9 

n.o 

12. U 

11. G 

i 

C13 

Iso-  &  Cyclo- 

m.  8 

111. 6 

m.6 

15.1 

1U.6 

i 

Normal 

9.8 

9.2 

9.0 

8.9 

9.0 

C1U 

Iso-  &  Cyclo- 

16.9 

16.3 

16.U 

16.9 

16.U 

\ 

i 

Normal 

6.8 

7.U 

6.7 

7.1 

6.7 

Ci5 

Iso-  &  Cyclo- 

9.7 

9.U 

9.8 

9.U 

9.8 

i  ■ 

i 

Normal 

3.1 

3.0 

3.2 

3.2 

3.2 

i 

Cl6 

Iso-  Sc  Cyclo- 

3.1 

U.7 

5.0 

3.9 

5.C 

Normal 

o.U 

0.8 

0.8 

0.5 

0.8 

i 

i 

(1) 

All  semples  were  acid  treated 

according  to  A3TH  Method  D -1019 -6 2 

' 

to  remove  aromatic  and  olefin  components. 

1 

(2) 

Analyses  were  made 

on  an  KJi  Model  500  Temperature  Programmed 

i 

Chromatograph  employing  a  20' 

boiling  point  column  containing 

Sinclair  9150  Bright  8tock  oil  on  Chromosorb. 

The  temperature 

! 

was  programmed  at 

a  rate  of  7 

.9  °C/raln. 

from  125  to  205°C. 

i 

l 

i 

! 

i 

Helium  was  used  as 

a  carrier 

at  a  flow 

rate  of  25cc/25  sec. 

i 

i 

i 

i: 
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In  an  effort  to  characterise  the  products  of  Microbial  attack  on  fuels# 
for  future  referenoe  senes  of  the  physical  properties  of  sludge  and  water  fro* 
storage  studies  conducted  with  heating  fuels  were  examined.  The  water  bottoms 
contai-  ed  fungi,  yeast  and  bacteria,  including  sulfate-reducers,  and  closely 
resembled  bottoms  observed  in  highly  contaminated  storage  tanks*  A  staple  of 
these  bottom  was  separated  into  three  fractions  -  fuel,  interface  sludge  and 
water.  The  fuel  and  water  fractions  were  clarified  by  centrifugations  at 
25,000  rpa  in  a  Sharpies  Super  Centrifuge.  Sedlaent  removed  froa  each  fraction 
had  the  sane  appearance  as  the  interfacial  sludge.  The  centrifuged  fuel  was 
clear  and  bright  but  the  water  fraction  remained  slightly  hasy  and  had  an  orange 
cast.  Solids  from  the  fuel,  water  and  interface  were  black  in  color  with  clumps 
of  gray  floe  cogent  material.  Microscopic  examination  of  the  interface  revealed 
fungus  filament?  and  bacteria  and  yeast  calls  in  an  oil-water  emulsion.  The 
emulsion  imparted  a  slimy  consistency  to  the  material*  The  black  color  was 
apparently  due  to  iron  oxides,  sulfides,  and  small  quantities  of  fuel  oil  sludge. 


The  surfactant  properties  of  the  sludge  were  quite  apparent  as  the 
interfacial  material  suspended  readily  in  the  fuel  and  water  phases  after  slight 
shaking.  On  vigorous  shaking  a  rather  stable  emulsion  was  produced.  This  pre¬ 
sented  the  problem  of  having  a  material  which  can  be  defined  as  both  sludge  and 
surfactant.  It  appears  that  in  most  systems  of  this  type  there  are  a  number  of 
materials  which  may  act  as  surfactants,  including  microbial  cells,  rust,  dirt# 
etc.  Also,  within  a  particular  sample,  several  emulsion  systems  may  be  present 
with  the  continuous  phases  alternating  from  water  to  oil  to  water.  This  My 
explain  why  some  of  the  interfacial  material  enters  the  fuel  phase  while  some 
suspends  readily  in  the  water  phase.  Microscopic  examination  of  the  interface 
employing  fuel  soluble  and  water  soluble  dyes  confirmed  the  existence  of  these 
alternating  emulsion  systems  within  the  sludge. 


Considering  the  complexity  of  these  materials,  it  is  not  surprising 
that  previously  accepted  definitions  of  sludge,  slime,  gum  and  surfactant  are 
no  longer  adequate.  On  the  basis  of  these  studies,  it  was  decided  that  the  term 
"sludge"  would  be  used  to  describe  the  interface  and  all  suspended  materials  or 
sediment  from  the  fuel  and  water  phases.  8olvent  extraction  procedures  will  be 
employed  to  distinguish  between  microbiological  sludge  and  normal  fuel  decomposi¬ 
tion  products.  The  tendency  of  these  materials  to  form  emulsions  will  be  noted 
but  the  term  "surfactant"  will  he  applied  only  to  specific  substances  or  sludge 
components  having  surface  active  properties.  The  use  of  the  term  "slime"  will 
be  avoided  in  the  present  studies  except  to  describe  ths  consistency  of  a 
material.  Standard  ASTM  procedures  will  be  used  to  establish  the  presence  of 
existing  and  potential  guns  in  fuel,  thus  limiting  the  use  of  tills  term  to  a 
specific  test. 
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Compression  Ignition  Turbine  Engine  Fuel  Storage  Tggta 

Compression  Ignition  Turbina  Engine  (CITE)  foal  was  used  In  all  tarts 
throughout  the  remainder  of  this  program  at  the  request  of  the  Natick  Project 
Officer,  Dr.  A.  K.  Kaplan.  CITE  fuel  is  being  developed  by  the  Any  and  le 
intended  as  a  replacement  for  the  several  grades  of  diesel  foe  la  and  turbipe 
fuels  in  the  supply  system.  It  is  generally  a  straight-run  product  having  a 
gravity  range  from  35*  to  55“API  and  a  distillation  range  of  130  to  575*F® 

A  number  of  anti-oxidants,  corrosion  Inhibitors  and  natal  deactivators  are 
approved  for  use  in  this  fuel. 

The  first  series  of  tests  covered  in  this  report  vere  set  up  with  CITE 
fuel  supplied  by  the  Natick  Laboratories.  All  subsequent  tests  were  set  up  with 
blends  of  fuel  prepared  by  Sinclair  specifically  for  this  program* 

1.  Testa  on  CITE  Fuel  Supplied  by  the  Natick  Laboratories 

CITE  fuel  was  stored  over  sea  water  and  tap  water  inoculated  with  a 
composite  of  contaminated  tank  bottom  samples  from  fuel  etorage  tanks*  The  tests 
were  set  up  in  one-pint  bottles  (IiOO  ml  of  fuel  and  20  ml  of  water)  and  In  one- 
gallon  steel  containers  (1  gal  of  fuel  and  100  ml  of  wmber)*  All  units  were 
stored  at  ambient  temperature  (?5-80*F.)  for  16  weeks.  Nitrogen  and  phosphorus 
were  added  to  half  the  units  in  the  form  of  salts  dissolved  in  distilled  water. 
Appendix  D  describes  in  detail  the  components  and  procedures  used  in  preparing 
the  test  units. 

The  composite  storage  tank  bottoms  used  to  inoculate  the  tests  was 
similar  to  the  preparation  used  in  the  RP-1  fuel  study  covered  in  Section  A  of 
this  report.  It  was  composed  of  a  mixture  of  bottom  samples  from  fuel  oil  and 
kerosine  storage  tanks.  Thera  is  a  possibility  that  one  or  two  of  the  additives 
used  in  these  two  fuels  are  present  in  the  CHI  fuel.  Also,  the  two  fuels  contain 
hydrocarbons  of  the  sane  type  that  wo  uld  be  expected  in  the  CITS  fuel.  Thus  the 
microorganisms  in  the  composite  bottoms  may  have  been  acclimated  to  some  extent 
to  various  components  of  the  test  fuel*  Bacteria,  yeast  and  fungi  were  present 
in  the  composite  preparation,  including  sulfate-reducers* 

Fuel  stability  problems  vere  encountered  while  setting  up  tbs  tests* 
possibly  due  to  a  contaminant  present  in  the  container  in  which  the  fuel  was 
shipped.  Fuel  of  this  type  can  normally  be  steam  sterilised  at  1$  pel  (121*C. ) 
for  20-30  minutes  without  altering  quality.  Several  days  after  the  fuel  was 
sterilized,  a  dark  brown  precipitate  was  observed  in  the  sample.  The  material 
was  removed  by  filtration  and  was  found  to  be  soluble  in  1:1  ethanol: benzene 
mixture.  Infrared  end  Mas*  Spectrometer  analyses  gave  spectra  typical  of  normal 
fuel  oil  sludge* 


Sludge  ferae tion  wee  observed  et  room  temperature  in  metal  end  glees 
containers,  with  end  without  water,  and  appeared  to  be  accelerated  by  heating* 

A  own  pie  of  the  fuel  sterilised  by  filtration  also  developed  the  sediment*  In 
addition,  the  filter  plugged  after  approximately  1000  el  of  fuel  had  been  filtered* 
The  accumulation  of  sludge  at  the  fuel-water  interface  of  steam  and  filter  steril¬ 
ised  fuel  is  shown  in  Plate  Lw 

Storage  teste  with  the  CITX  fuel  were  continued  and  an  effort  was  made 
to  detect  any  effect  the  fuel  oil  sludge  may  have  on  the  growth  of  microbial 
contaminants.  Organic  nitrogen  compounds  in  the  sludge  could  provide  essential, 
nutrients  for  the  microorganisms  in  the  water  bottoms* 

a*  Microbiological  Observations 

Sample s  of  the  water  bottoms  from  each  unit  were  tested  bi-weekly  for 
eight  weeks  and  thereafter  at  four-week  Intervals  over  a  total  period  of  16  weeks. 
The  number  of  viable  micro or gen isms’  present  was  estimated  on  all  water  camples 
from  inoculated  units  (I.  II,  III  and  17)  and  the  sterile  control  units  (7,  VI, 

711  and  VIII)  were  cheeked  far  contaminants.  Appendices  B  and  C  present  the  media 
and  procedures  used  in  the  microbiological  analyses. 

Microbiological  data  on  Qroup  A  (Glass  urtts)  are  presented  In  Table  VI. 
Very  little  difference  was  observed  in  the  numbers  of  organisms  present  in  the 
various  test  systems  at  any  one  time  Interval.  All  unite  appeared  to  reach  a 
maximum  viable  count  between  10  and  50  million  microorganisms  per  ml  of  water 
bottoms.  Several  interacting  observations  were  made  on  this  test  group.  Bacteria 
persisted  in  essentially  all  units  throughout  the  test  period.  Also,  the  pH  of 
all  units  remained  relatively  constant.  These  results  are  somewhat  divergent  from 
those  obtained  with  the  RP-1  fuel .  in  which  fungi  ware  found  consistently  in  essen¬ 
tially  all  units  and  a  drop  in  pH  was  recorded. 

A  contributing  factor  to  the  persistence  of  bacteria  in  the  CITB  fuel 
series  may  have  been  the  relative  concentrations  of  bacteria  and  fungi  in  the 
inoculum  used  in  the  two  fuel  studies.  Nitrogen  present  in  the  sludge  that 
accumulated  in  ell  units  and  the  slightly  alkaline  pH  may  have  encouraged  con¬ 
tinued  bacterial  grewth. 

Results  of  microbiological  analyses  of  Qroup  B  (Steel  units)  are  pre¬ 
sented  in  Table  VII.  8one  difficulty  was  encountered  in  obtaining  representative 
samples  from  these  units  because  of  the  heavy  accumulations  of  corrosion  products. 
This  influenced  the  microbial  counts,  causing  some  variation.  However,  the 
results  do  suggest  that  the  added  nitrogen  and  phosphorus  salts  stimulated 
microbial  growth  in  series  IT  and  17.  During  the  last  eight  weeks  of  storage, 
a  gradual  decline  was  noted  in  the  number  of  viable  bacteria  preeent.  This  wee 
followed  by  the  development  of  yeast  and  fungi  in  the  inoculated  series  (I,  II, 

III  and  IV).  The  yeast  and  fungi  were  probably  encouraged  by  drop  in  pH  to 
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below  5.5  in  all  inoculated  unite.  Similar  drops  in  pH  were  noted  in  the  sterile 
•units  without  nitrogen,  suggesting  that  chemical  reactions  were  responsible.  A 
sharp  rise  in  pH  was  noted  in  sterile  control  aeries  VIII  which  contained  tap 
water  with  added  nitrogen  and  phosphorus. 

Despite  the  difference  in  environment,  there  was  no  evidence  of  one 
particular  type  of  bacteria  predominating  in  any  of  the  units.  In  essentially 
every  case,  four  or  more  different  types  of  bacteria  were  present. 

Photographs  were  made  of  representative  units  from  each  aeries  in 
Group  A  (Glass  units)  and  profile  samples  (Appendix  A)  from  Group  B  (Steel  units) 
to  record  changes  in  appearance  (Plates  5-9).  The  rapid  accumulation  of  sludge 
in  all  units  was  quite  apparent  at  the  end  of  four  weeks.  Sludge  formation 
appeared  to  be  greater  in  the  units  containing  sea  water  (Plate  7).  In  general, 
the  inoculated  unlt-s  containing  nitrogen  and  phosphorus  salts  were  the  most 
turbid  (Plates  7  and  8).  Bottom  deposits  end  flakes  at  the  interface  in  the 
tubes  containing  profile  samples  from  the  units  in  Group  B  are  for  the  most  part 
rust  (Plate  9).  However,  eome  sludge  wa$  observed,  as  well  as  turbidity,  apparent¬ 
ly  due  to  microbial  growth.  This  was  particularly  discernible  in  units  which 
contained  added  nitrogen  and  phosphorus. 

b.  Fuel  Quality 

Fuel  quality  tests  outlined  in  Military  Specification  MIL-F -U5121A, 
dated  20  May  I960,  and  conducted  according  to  the  specified  ASTM  teat  method, 
were  run  on  fuel  from  all  units  in  each  group.  Composite  fuel  samples  were 
prepared  from  the  three  units  in  each  series.  Results  of  taste  ’n  samples  from 
Groups  A  and  B  are  recorded  in  Tables  VUI  and  IX.  Only  slight  variations  were 
observed  within  the  two  groups,  all  of  which  can  be  explained  on  the  basis  of 
experimental  variation.  Consistent  differences  were  noted,  however,  in  the 
initial  boiling  points  (IBP)  of  samples  between  the  two  groups.  Samples  in 
Group  A  (Glass  bottles)  had  consistently  lower  IBP  than  samples  from  Group  B 
(Steel  containers).  While  the  IBP  is  one  of  the  noet  difficult  point.'  to 
establish,  this  difference  does  appear  to  be  real,  and  is  probably  dup  to  the 
sterilization  process.  The  larger  volume  of  fuel  in  the  Group  B  units  (one  gallon) 
required  considerably  more  time  to  cool  than  the  pint  samples  in  Oroup  A,  thus 
the  lower  boiling  components  were  more  readily  loot.  This  also  explains  the 
low  IBP  of  the  baee  fuel  sample  which  was  not  subjected  to  sterilization. 

In  addition  to  evaluating  the  quality  of  the  fuel,  the  water  bottoms 
in  each  group  were  checked  for  emulsifying  tendencies.  This  was  accomplished 
with  the  units  in  Group  A  by  vigorously  shaking  the  bottles  and  allowing  them 
to  stand  for  a  short  period  of  time.  The  speed  at  which  the  two  phases  sepa¬ 
rated  was  noted.  Only  the  inoculated  units  which  contained  t'.p  water  had  a 
tendency  to  emulsify.  The  units  in  Group  A  were  tested  only  at  the  end  of  the 
16  weeks  storage  period  to  avoid  introducing  mixing  as  a  variable  in  the  study. 


Plata  6»  CITS  Poel  Orottp  B,  Series  I  through  U»  Initially 


Plate  7.  CITS  Fuel  Group  A,  Series  I,  n.  V#  71  and  IX,  After  16  Vseks 


Plata  8.  CITE  Fyel  Group  A,  Series  III,  IV,  VII,  VUI  and  H,  After  16  Week*  Storage 


Mete  9»  CITS  Fuel  Group  B,  Seri* a  I  through  IX,  After  16  Weeks  Storage 
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All  profile  ample  a  (Appendix  D)  collected  fro*  the  anits  in  Group  B 
were  checked  far  emulsifying  tendencies.  Howerer,  only  the  units  in  series  17* 
tap  water  with  nitrogen  and  phosphorus,  shared  any  sign  of  emulsification.  This 
was  first  observed  in  the  li-veek  samples. 

c.  Analysis  of  Sludge 

Considerable  quantities  of  sludge  accumulated  at  the  interface  of  both 
act ire  and  sterile  unite  in  Group  A  (Glass  units) .  This  material  waa  apparently 
insoluble  in  both  the  water  end  fuel  phases  of  the  system  end  its  formation 
appeared  to  be  influenced  by  steam  sterilization,  as  pointed  out  earlier  (Plate  It). 
The  amount  of  sludge  present  in  each  unit  was  determined  gravimetric  ally  at  tips 
end  of  the  16-weeks  test  period  by  the  methods  described  in  Appendix  K. 

Three  fractions  were  obtained  and  their  weight  determined: 

A)  Insoluble  Material  -  Insoluble  in  fuel,  water  and 
benzene-acetone-methyl  alcohol  solvent  mixture.  This 
fraction  will  be  referred  to  later  as  microbial  sludge. 

B)  Fuel  Sludge  -  Material  insoluble  in  fuel  and  water  but 
soluble  in  benzene -acetone -methyl  alcohol  solvent  mixture. 

C)  Non-volatile,  water  soluble  materials  and  fine  particles 
which  may  have  passed  through  the  filter  pads. 

The  results  of  these  determinations  are  recorded  in  Table  I.  The 
quantities  of  sludge  formed  in  the  presence  of  see  water  and  tap  water  were  greater 
than  the  quantity  formed  in  series  U  which  contained  only  fuel.  There  is  same 
indication  that  sea  water  bottoms  may  enhance  formation  of  this  insoluble  material 
more  than  tap  water. 

In  the  active  teat  series  without  added  nitrogen  and  phosphorus  (I  and 
III),  substantially  less  insoluble  sludge  (fraction  A)  was  found  than  in  tbs 
sterile  control  units  (V  and  VII).  This  suggests  that  the  bacteria  utilised  or 
in  some  manner  altered  the  material.  In  active  units  II  and  I?  which  contained 
added  nitrogen  and  phosphorus  this  trend  is  not  as  distinct  compared  to  the 
controls,  units  VI  and  VIII.  Nitrogen  and  phosphorus  would  appear  to  be  important 
factors  in  this  phenomenon. 

It  is  difficult  to  explain  this  observation  without  further  analytical 
work.  However,  several  possible  explanations  uay  fcc.  offered.  If  the  solubility 
of  this  insoluble  material  was  altered  by  biological  action  it  imy  have  re-dissolved 
in  the  fuel  phase  or  in  the  water  phase  aa  a  volatile  component.  Another  possi¬ 
bility  is  that  the  organic  components  of  this  material  vert  utilized  by  the 
bacteria  and  then  lost  by  evolution  of  00 2* 


Infrared  spectra  of  fractions  A  and  B  from  aerie  e  1  are  presented  in 
Figure*  1  and  2.  Stall ar  pattern*  were  obtained  on  samples  from  active  aeries. 
These  epectra  indicate  that  fraction  A  may  contain  an  inorganic  sulfate  or 
phosphate  while  fraction  B  appear#  to  be  typical  fuel  oil  sludge.  The  spectra* 
of  fraction  B  indicates  the  presence  of  hydroxy  and  carbonyl  structures  charac¬ 
teristic  of  such  sludges* 

An  observation  of  interest  was  the  fact  that  the  water  bottoms  from 
the  inoculated  unite  filtered  very  slowly  compared  to  the  sterile  controls. 

This  is  of  particular  significance  since,  in  some  cases,  they  contained  less 
sludge  than  the  sterile  units.  Microscopic  examination  of  sludge  fro®  the 
inoculated  series  revealed  the  presence  of  bacterial  cells  and  debris. 

It  ie  quite  apparent  that  the  CITE  fuel  used  in  these  tests  was 
atypical  and  was  probably  contaminated.  While  the  observations  on  sludge 
formation  are  moat  interesting,  they  do  not  appear  to  be  typical  materials  that 
would  be  expected  from  good  fuel.  Therefore,  we  discontinued  our  analysis 
of  the  a.',  'gee  formed  in  tea  ■-  K.th  this  particular  fuel. 

d.  Observations  on  Corrosion 

During  tlm  course  of  this  investigation  we  havo  considered  a  number  of 
factors  which  might  contribute  to  problems  in  the  field;,  One  of  the  factors 
considered  was  the  presence  of  iron.  Although  we  have  not  been  able  to  clearly 
establish  the  role  of  iron  in  fuel  problems  associated  with  microorganisms,  w# 
have  observed  some  interesting  effects  of  microorganisms  on  corrosion.  While 
«nr— Hw«ng  the  contents  of  severs!  one-gallon  steel  containers  used  in  CITE  fuel 
storage  tests,  we  noted  differences  in  the  extent  of  corrosion  above  the  fuel:water 
interface.  Plate  10  shows  sections  of  two  of  these  containers.  Corrosion  in 
containers  with  active  water  bottoms  (both  Baa  water  and  tap  water)  extended  an 
inch  or  more  up  the  sides  of  the  can.  In  the  sterile  controls,  corrosion  was 
limited  to  surfaces  in  contact  with  water.  The  water  depth  in  these  containers 
did  not  exceed  lA*« 

Differences  in  corrosion  were  also  noted  in  the  additive  evaluation 
study.  Corrosion  products  from  the  steel  wool  in  Series  C  and  D  (Active  and 
Sterile)  appeared  different  (see  Section  2).  In  the  active  units,  the  corrosion 
products  had  a  tendency  to  agglcnerate,  while  in  the  sterile  unite  they  remained 
dispersed. 


Wave  Length  in  Micron* 

Infrared  spectrum  of  sludge  from  Natick  CITE  fuel  -  Solvent  Insoluble,  Fraction  A 


e.  Observations  on  Contaminated  CITE  Fuel  Samples  from  Natick 


The  CITE  fuel  employed  in  the  initial  storage  teats  was  supplied  by 
Natick.  The  unusual  amount  of  sludge  which  formed  in  the  test  systems  suggested 
that  the  fuel  may  hare  been  inadvertently  contaminated.  Samples  of  two  fuel 
shipments  received  at  Natick  were  forwarded  to  us  for  analysis  and  comparison 
with  the  apparently  contaminated  shipment.  One-pint  samples  of  the  fuel  were 
steam  sterilized  at  lf>  psi  for  20  minutes,  allowed  to  cool,  and  then  stored  for 
six  weeks  in  the  dark  at  30*C. 

Distillation  data  and  other  observations  on  the  fuel  samples  are  pre¬ 
sented  in  Table  XI.  Fuel  shipped  under  Voucher  No.  A  23080-3087-33)4*1  appeared 
to  be  relatively  stable  and  contained  no  free  wAter.  The  distillation  results 
indicated  that  the  fuel  employed  in  our  initial  storage  test  was  from  this 
shipment.  Sludge  formation  was  much  greater  in  fuel  from  the  other  shipment 
(Voucher  No.  A  23080-30U6-9005>010-29870) .  It  also  had  a  noticeably  darker  color. 
Five  of  the  seven  samples  from  drums  Bhipped  under  the  second  voucher  number 
contained  water  bottoms.  Analyses  of  these  bottoms  indicated  that  microorganisms 
were  present. 

f.  Experimental  CITE  Fuel  Blends 

Two  blends  of  CITE  fuel  were  prepared  to  meet  Military  Specification 
MIL-F-U6005A(MR),  dated  lf>  May  1963*  One  blend  was  prepared  with  straight  run 
components  to  produce  a  highly  stable  fuel.  The  other  blend  was  prepared  with 
straight  run  and  catalytic  cracked  components  to  produce  a  potentially  unstable 
fuel.  We  were  of  the  opinion  that  these  fuels  represented  the  extremes  which 
could  be  supplied  under  the  above  specification.  Because  of  the  expected 
instability  of  the  latter  fuel  blend  without  the  necessary  stabilizing  additives, 
only  enough  fuel  was  prepared  to  meet  the  requirements  of  our  tests.  A  relatively 
large  volume  of  the; stable  fuel  was  prepared  to  avoid  variations  in  composition 
which  may  occur  between  batches. 

Blend  1  is  part  of  a  batch  of  additive-free  CITE  fuel  supplied  to 
Dr.  A.  M.  Kaplan  under  Order  No.  19129-FU-l5Wi(N) .  This  fuel  was  used  in  all 
subsequent  work  presented  in  this  report.  Routine  fuel  specification  data  are 
shown  in  Table  XII.  In  addition,  detailed  hydrocarbon  type  analyses  were  made 
on  the  fuel  blend. 

Low  (room)  temperature  mass  spectrometer  analysis  was  made  on  the  fuel 
fraction  boiling  below  liOO*F.  (Table  XIII).  This  type  of  analysis  provided  a 
breakdown  of  the  major  hydrocarbon  types  present,  including  paraffins,  cyclo¬ 
paraffins  (mono-,  di  and  tri-),  alkylbenzenes,  indans  and/or  tetralins,  and 
naphthalenes.  A  further  breakdown  of  the  alkylbenzenes  and  paraffins  was  also 
obtained.  The  carbon  number  distribution  of  the  paraffins  must  be  considered 
semi-quantitative,  since  the  isoparaffins  also  contribute  to  the  peaks  obtained. 
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TABLE  II 


Analyses  of  CUE  Fuel  Staples  from  Natick 


Voucher  No.  A23080-3087-33441 


Fuel  Osed 


Drus  Number  In  Initial 


1 

2 

3 

4 

Storage  Teats 

1BP(1) 

120 

117 

116 

116 

115 

5036 

341 

340 

342 

340 

340 

EP 

■507(3) 

CAB^3' 

509 

508 

508 

507 

Color  / 2 

Sludge  Fbrmation'  1 

CAB 

GAB 

CAB 

CAB 

Tracs 

+ 

Trace 

♦ 

+ 

H2O  Bottoms 

- 

- 

- 

- 

- 

Microbial  Contamination 

• 

- 

- 

- 

• 

Voucher  No.  A23080-3C46-9005010-29970 


Drum  Number 


_5_ 

6 

7 

8 

9 

10  12 

IBP 

147 

138 

144 

139 

137 

1U9 

144 

50* 

362 

360 

361 

356 

356 

358 

362 

EP 

498 

492 

498 

498 

498 

494 

496 

Color 

CAB 

CAB 

CAB 

CAB 

CAB 

CAB 

CAB 

Sludge  Fbrmatlon 

++ 

+♦ 

++ 

++ 

+♦ 

H^O  Bottoms 

♦ 

- 

+ 

+ 

- 

Trace 

Microbial  Contamination 

- 

+ 

* 

+ 

- 

♦ 

pH  of  Water  Bottoms 

6.5 

- 

7.3 

8.1 

7.9 

- 

- 

(1)  ASTM  Test  Method  D-86. 

(2)  After  stream  sterilization  in  soft  glass  followed  by  several 
days  storage.  Sludge  formation  greater  in  29870  shipment  than 
in  33441. 

(3)  CAB  indicate  Clear  and  Bright 
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TABLE  XII 


Chemical  and  Physical  Test  Data 
On  Additive  Free  Compression  Ignition  Begin*  Fual  Blend  I 


Characteristic 


Asm 

Be suits  Teat  Method 


Distillation 

Initial 

5 

10 

20 

30 

UO 

50 

60 

TO 

80 

90 

95 

End  Point 
Residue  (Vol.  %) 
Distillation  Loss  (Vol.  %) 


13U 

3.82 

200 

229 

256 

28i* 

319 

360 

399 

U26 

hSh 

U78 

U9li 

1.5 

0.5 


°AFI  Gravity  at  60°F. 

Existent  Gum,  mg/100  ml 

Total  Potential  Residue,  16  hr.  Aging, 
mg/100  ml. 

Sulfur,  total  -  per  cent  by  weight 

Reid  Vapor  Pressure,  psi 

Freezing  Point,  °F. 

Cetane  Number 

Viscosity,  kinematic 
at  100® F. ,  centistokes 
at  minus  30°F. ,  centistokes 

Aroma tics,  Vol.  % 

Olefins,  Vol.  % 

Copper  Strip  Corrosion  Classification  Bomb, 
2  hours,  212°F. 

Thermal  Stability 

Change  in  pressure  drop  in  5  hrs., 
inches  mercury 
Preheater  deposit  rating 

s Water  Reaction 


51.9 

0.2 

D301 

o.U 

D873 

.0U3 

D1266 

2.U 

D323 

-70 

D1U77 

hi. 7 

D613 

0.90U5 

DUli5 

3.132 

DUU5 

8.0 

D1319 

0.0 

D1319 

1A 

D130 

(1) 

0.2 

0 

1 

m325i 

(1) 


Conducted  in  a  CFR  fuel  coker  using  a 
a  filter  temperature  of  bOO°F.,  and  a 
hour  over  the  5  hour  test  period. 


preheater  tsmperature  of  30CP 
fuel  flow  rate  of  6  pounds  pe 
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TABLE  HU 


Hydrocarbon 


sis  of  CITI  fuel  Bland  1 


Fractions  IBP-iiOO6?.  (7051  of  Total  Sample) 

Low  Temperature  Mass  Spectrometer^^ 

Volume  % 

Paraffins  U6.3 

Mono-cycloparaffins  1*1.7 

Di cycloparaffins  3.1* 

Tri  cycloparaffins  0.3 

Alkyl -benzenes  8.0 

Indans  and/or  Tetralins  0.2 

Naphthalenes  0.1 


Paraffins' 


Avg.  Carbon  #  7.83 
Avg.  Mol  Wt.  110.6 


-benzenes' 


Benzene 

Avg.  Carbon  #8.15  Toluene 

Avg.  Mol.  Wt.  108.1  Molecular  Weight  106 

"  «  120 


100.0 


(1)  ASTM  method  for  hydrocarbon  types  in  low  olefinic  gasoline  by  Mass 
Spectrometry.  (Published  for  information  only  by  ASTM  Committee  D-2). 

(2)  These  data  were  derived  in  conjunction  with  the  above  method,  but 
the  procedure  employed  is  not  actually  a  part  of  the  method.  The 
procedure  employs  data  used  to  calculate  the  average  number  of 
carbon  atona  in  the  paraffin  fraction  of  the  sample.  These  data 
are  semiquantitative  in  that  the  iso-paraffins  may  contribute  to 
the  peaks  obtained. 

(3)  Sinclair  method  and  calibration  data. 
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The  hOO*F.  pluo  fraction  was  analysed  with  the  high  teaqperature  *ase 
spectrometer  (Table  HV).  Two  analyses  were  eade,  one  on  the  total  saaple  and 
the  other  on  an  aromatic  and  olefin  free  preparation.  This  enabled  us  to  obtain 
a  better  separation  of  the  rarioua  hydrocarbon  types  present.  The  dletribotian 
of  n-p&r&fflns  reported  for  this  fraction  is  also  se*i-qu*ntitatiT». 

Thi  carbon  number  distribution  of  the  paraffins  in  the  total  sawple 
vs:<  determined  by  sea ns  of  gas  c  hr  cartography  (Table  IV).  The  reeulte  ere 
rtocrted  in  voluse  per  cent,  assuming  that  the  peaks  obtained  reflect  only  the 
paraffin  components  of  the  fuel. 


Fraction*  U00*F.  pics  (y>%  «f  tetal  sample) 


Hi  ah  Temperature  Mmi  Spectra— tor 

Mathed  I  (Aromatics  ♦  Olefins  Removed)  Method  II  (Arematiea  *  01® fins  Remaved) 


Paraffins 

Velmas  % 

“5577* 

n*^>arafflns 

<10 

0.2 

Aroaaties 

o.5 

On 

0.5 

Mono- cyeleparaff ins 

26.65 

0~i  o 

isa 

Dicycloparaffine 

12.59 

c13 

22.1 

Tricycloparaffins 

1.99 

Cii* 

35.6 

100.00 

°l5 

12.1 

C16 

64 

c17 

2.8 

cl8 

2.2 

100.0 

Method  in  (Aromatics  +  Glaf  ins  Present ) 


Paraffins 

U74 

Cyoloparaffins 

33.9 

Alkyl  Benzenes 

7,9 

Indanes,  etc. 

U.3 

Indenes,  etc. 

04 

Naphthalenes 

3.0 

Biphenyls 

1.9 

Flnerenes 

0.5 

Tricyclic  aromatics 

0.6 

100.6 

METHOD  I  Shell  Method  and  Calibration  Date. 

Presented  to  ASTM  Committee  B-lh  at  Meeting  in  Hew  Orleans, 

La.,  June  3-8,  1963. 

Paper  #3.  Mass  S^ectr erne  trie  Analysis  of  Middle  Distillate 
Saturate  Hydro oartoons.  A.  Heed,  P.  R.  Morn— a  sin ,  and 
B.  K.  Fritts. 

Sample  was  acid  treated  according  to  ASM  Method  D1019-62  te 
remove  aromatic  and  elefin  compenents. 

METHOD  II  Sine  la  1’  Method  and  Cal  lb  rati  an  Data 

Arcnatio  and  elefin  ooopenents  moved  as  in  Method  I.  Data  are 
semiquantitatire  in  that  iso-pareffins  may  contrifante  to  the  peaks. 

METHOD  III  Atlantic  Refining  Company  Method  far  fractions  containing 
ar mastic  components. 


Carbon  Voaber  Distrlbotion  of  Paraffins 
In  CUE  Fnal  Bland  1  by  Oaa  Chrosatography*  (Total  Sanple) 


Carbon 

Huber 

Paraffin  Typo 

Y  alamo  f** 

Iso-  ♦  Cyclo- 

0.2 

Normal 

0,h 

C7 

Iso-  ♦  Cyclo- 

2.U 

1 

Normal 

3.6 

% 

Iso-  +  Cyclo- 

6.7 

No  mal 

2.8 

c9 

Iso-  +  Cyclo- 

9.1 

Horaal 

3.t 

c10 

Iso-  +  Cyclo- 

8.1 

Hormal 

U.l 

Gn 

Iso-  ♦  Cyclo- 

6.6 

Hoxmsl 

U,3 

C12 

Iso-  ♦  Cyslo- 

6.2 

Hornl 

5.5 

c13 

Iso-  ♦  Cyclo- 

8.2 

Normal 

U.8 

cllt 

Iso-  *  Cyclo- 

7.2 

Normal 

3.h 

°15 

Iso-  ♦  Cydo- 

8.0 

Hormal 

1.6 

G16 

Iso-  ♦  Cyclo- 

3.0 

Horaal 

O.U 

100.0 

Analyses  were  made  cm  an  F  A  M  Model  500  Tewperatnre  Progi  weed  Chromato¬ 
graph  employing  a  20*  boiling  point  calm  containing  Sinclair  9150  Bright 
Stock  oil  on  Chromosorb.  The  temperature  waa  progra— ed  at  a  rate  of  7.9“C/ 
■In.  fro*  125  to  205°C.  Holism  was  used  as  a  carrier  at  a  flam  rate  of 
25  cc/25  see. 


Based  on  the  asraption  that  the  total  ample  was  composed  of  iso-,  cycle-, 
and  no real  paraffins. 


2  .  CITE  Fuel  Additive  Evaluation 


Preliminary  storage  teats  vith  RP-1  and  CITE  fools  indicated  that 
nitrogen  and  phosphorus  vere  limiting  factors  in  the  development  of  microbial 
sludge  in  fuel-water  systems*  A  possible  source  of  these  elements  in  the  field 
would  be  fuel  components,  including  additives.  Therefore,  storage  tests  vere 
set  up  employing  the  additive-five  CITE  fuel  blend  to  evaluate  the  influence  of 
qualified  corrosion  inhibitors,  anti-oxidants,  and  a  metal  deactivator  on 
microbial  growth  and  sludge  formation. 

The  tests  vere  set  up  in  one-pint  glass  sample  bottles  with  U00  ml  of 
sterile  fuel  and  20  ml  of  10$  sea  water,  vith  and  without  iron  (steel  wool) 
(Appendix  F).  The  inoculum  employed  was  a  composite  of  contaminated  tank  bottom 
waters  from  kerosine,  gasoline,  JP-U,  diesel  and  heating  fuel  storage  tanka,  and 
contained  bacteria,  yeast  and  fungi,  including  sulfate-reducers.  Pertinent  data 
on  the  six  corrosion  inhibitors  tested.  Including  nitrogen  (N)  and  phosphorus  (P) 
determinations,  are  presented  in  Table  XVI.  Table  XVII  contains  similar  data  on 
the  five  anti -oxidants  and  the  metal  deactivator  tested. 

a.  Microbiological  Observations 

Estimates  of  the  number  of  viable  microorganisms  present  in  the  water 
bottoms  at  various  tins  intervals  during  the  16-week  storage  period  are  presented 
in  fables  XVIII  and  XU.  Only  three  of  the  twelve  additives  tested  significantly 
affected  microbial  growth  in  the  adjacent  water  bottoms.  Additive  I,  DuPont  AFA-1 
corrosion  inhibitor,  had  ths  most  pronounced  effect.  The  number  of  microorganisms 
present  in  the  water  bottoms  reached  500  million  per  ml  at  the  end  of  eight  weeks 
(Table  XVUI).  This  stimulatory  effect  was  apparently  due  to  nitrogen  and  phos- 
phorus  supplied  by  the  DuPont  additive  (contained  2.lil$  H  and  5.28$  P), 

Additives  II  and  III,  Uni  cor  M  (0.88$  N  and  0.001$  P)  and  Santolene  C 
(0.002$  K  and  0.326$  P)  also  stimuli  .ed  microbial  growth.  Tbs  fact  that  phosphorus 
is  limiting  in  the  sas.  vater  bottoms  (0.03  ppm  P),  apparently  explains  the 
slightly  higher  counts  obtained  with  the  8antolene  C  than  obtained  with  Unicor  M. 
The  remaining  corrosion  inhibitors,  antioxidants  and  the  metal  deactivator  had 
very  little  noticeable  effect  on  microbial  growth  in  the  teBt  system  (Tables  XVIII 
and  XU). 


Only  slight  variations  in  pH  were  observed  in  the  water  bottoms  of  active 
and  sterile  test  units.  Iron  had  a  slight  tendency  to  make  the  water  bottoms  more 
acidic.  However,  only  one  eeries  with  iron  had  a  pH  below  6  at  the  end  of  the 
first  8-week  storage  period. 


TABLE  XTI 


Qualified  Corroaloo  Inhibitors 
(Qualified  under  Specification  MIL-I -25017B) 


Analysis^-) 

Concentrations 

Tested(2)  mg  ft. 

Number 

Additive  L  Source 

%  Hitrogen 

%  Phosphorus 

T 

APA-1 

E.  I,  duPont 

2. hi 

$.28 

U6.1 

11 

Unicor-M 

Universal  Oil  Products 

0.88 

<0.001 

57.6 

in 

Santolena  C 

Monsanto  Chemical  Co. 

<0.001 

0.326 

U6.1 

IV 

TRI-182 

Texaco,  Inc. 

<0.001 

<0.001 

57.6 

V 

Lubri sol  5hl 

The  Lubrizcl  Corp. 

<0.'001 

<0.001 

57.6 

VI 

Tolad  2lUi 

Petroliue  Corp. 

1.00 

<0.001 

\ 

57.6 

(1)  Sons  of  the  analyses  were  repeated  employing  sore  sens! tire  techniques, 

and  therefore  the  figures  are  slightly  different  from  those  reported  in 
Table  I,  Quarterly  Report  No.  3.  ' 

(2)  Maxima  concentration  authorised  under  Specification  MIL-I-25017B. 


Qualified  Antloxidanta  and  Metal  Deactivator 
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The  Initial  pH  of  all  water  bottoms  *u  adjusted  to  7.0, 


iistia&ted  Number  of  Viable  Microorganism*  in  Water  Bottoms 
from  CITE  Fuel  Additive  Evaluation  Teste  -  Antioxidants  and  Metsl  Deac-tivator 
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The  initial  pH  of  all  water  bottoms  was  adjusted  to  7.0 


Earlier  studies  with  CITE  fuel  indicated  that  the  1C%  sea  water  bottoms 
ust  i  in  the  test  system  were  deficient  in  both  nitrogen  and  phosphorus  (0.06  ppra  H 
and  0.003  ppm  P).  To  further  substantiate  this  observation  and  to  provd.de  a 
control  for  the  additive  series,  the  following  four  control  series  were  set  up 
with  water  soluble  nitrogen  and  phosphorus  salts: 


Control 
Group  XIII 

Salts  Added  to  10$ 

Sea  Water  Bottoms 

rng/20  ml 

Series  A-l 

No  Iron 

NKLNC3 

NaK2PO)j*H20 

l*o 

and 

20 

Series  C-l 

Iron 

k2kpoj, 

1*0 

Series  A-2 

No  Iron 

NH^NOj 

i*o 

Series  A-3 

No  Iron 

NaH2P0)j*H20 

20 

1*0 

The  results  of  these  tests  are  reported  in  Table  XX.  Heavy  microbial 
growth  was  noted  in  the  water  bottoms  of  all  four  test  series.  However,  the 
growth  present  in  Series  A-l  was  noticeably  heavier  than  in  the  other  series. 

It  should  be  pointed  out  that  the  estimated  number  of  microorganism*  reported  in 
Table  XX  for  the  series  containing  fungus  growth  is  probably  lew.  It  was  essen¬ 
tially  impossible  to  obtain  a  representative  sample  of  water-  bottoms  from  these 
units. 


An  observation  of  interest  was  the  fact  that  fungi  developed  in  Series 
A-l,  A-3  and  C-l  but  not  in  A-2,  which  contained  only  nitrogen.  This  may  possibly 
explain  the  predominance  of  bacteria  in  some  field  samples,  and  heavy  fungus 
growth  in  others. 

The  increased  microbial  growth  and  sludge  formed  in  units  containing 
Additives  Z*  ZZ  and  ZZZ,  and  th.ose  \iniis  with  added  niti*cgtii  and  plies  psiOT’us, 

Group  XIII  Series  A-l, 2,3  and  C-l,  are  clearly  visible  in  Plates  12,  13,  !'■  and  25 
(16  weeks).  This  is  particularly  true  when  they  are  compared  with  the  initial 
photograph  (Plate  11)  or  with  photographs  of  the  appropriate  sterile  control  units. 
Heavy  fungus  growth  in  the  nitrogen  and  phosphorus  series  is  quite  obvious  in 
Plate  25.  Photographs  showing  the  appearance  of  the  other  test  units  after  16  weeks 
are  also  included. 
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Plate  11.  CITE  Fuel  Additive  ''.roup  XIII,  Control  Without  Additives  at  Start  of  Test 


MM******** 


Plato  I 6.  CITE  Fuel  Additive  Group  V;  tubr!**!  5hl  Corrosion  Inhibitor  -  16  Weeks. 


Plate  17.  CITE  Fuel  Additive  Group  71,  Tol*d  2UJ4  Corrosion  Inhibitor  -  16  Weeks 


Antioxidant  -  16  Weeks ■ 


Plate  IS1.  CITE  Fuel  Additive  Group  VIII,  N,N-Msecondary-butyl-paraphenrljne- 
dl amine  Antioxidant  -  16  Weeks . 
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Plate  20.  CITE  Fuel  Additive  Group  IX,  2,  U-01iiet>qrl-6-t*rtiary-butyl  -phenol 
Antioxidant  -  16  Weeks. 
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Plate  22.  CUE  Fuel  Additive  Group  XI,  Mixed  Tertiary -butyl-phenol  Antioxidant  - 

l6WeeKs. 


Plate  23.  CITE  Fuel  Additive  Group  XII,  M, S' -Diaelicylidene-l* 2-pro pene-diaatlne 

“  Antioxidant  -  16  Weeks. 
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2«J.  CITS  Fuel  AdditiYe  Group  XIII,  Control  With  Water  Soluble  Nitrogen  and  Phosphorus 

~  16  Weeks. 


b.  Fuel  Quality 


An  effort  was  made  to  determine  if  fuel  characteristics,  such  as 
stability,  filterability  and  water  content,  would  be  affected  by  microbial 
growth  in  adjacent  water  bottoms.  Earlier  studies  with  CITS  and  RP-1  fuels 
indicated  that  they  would  still  meet  Military  specifications  after  exposure 
to  microbial  growth.  While  the  tests  employed  are  apparently  adequate  for 
quality  control,  they  may  not  be  sensitive  enough  to  detect  slight  changes 
produced  by  mj croorganisme. 

Stability  characteristics  of  fuel  exposed  to  microbial  attack  were 
determined  by  ASTM  test  methods  D-38'l  and  D-873  (existent  and  potential  gums). 
The  results  of  these  tests  on  fuel  from  additive  groups  I,  11,  133  and  XUI, 
are  presented  in  Table  XXI.  Only  slight  differences  were  observed,  and  there 
was  no  apparent  correlation  with  microbial  activity  or  presence  of  water  in 
the  test  systems. 

Filterability  tests  were  run  on  CITE  fuel  from  all  groups  in  the 
additive  test,  including  the  series  with  added  nitrogen  and  phosphorus  salts. 
The  test  method  employed  was  developed  by  Continental  Oil  Company  for  the 
evaluation  of  No.  2  fuel  oils  and  diesel  fuels  (Conoco  Method  207-58) • 

Results  of  these  tests  are  presented  in  Table  XXII.  There  was  no  apparent 
effect  on  filterability  due  to  microbial  activity  in  the  water  bottoms. 

However,  two  of  the  corrosion  inhibitors,  Lubrizol  5iil  and  Tolad  2hlia 
adversely  affected  fuel  filterability  when  stored  over  active  or  sterile 
water  bottoms.  In  both  cases,  a  white  sediment  accumulated  at  the  fuel  water 
interface.  This  material  suspended  quite  readily  in  the  fuel  on  gentle  mixing. 
Since  all  fuel  samples  were  collected  after  mixing,  this  material  may  have  been 
responsible  for  the  poor  filterability  characteristics  of  the  fuel. 

The  water  content  of  fuel  from  Groups  I  and  XIII  was  determined  by 
the  Karl  Fischer  method.  Results  of  these  analyses  are  presented  in  Table 
XXIII.  Only  slight  differences  were  noted  in  the  water  content  of  fuels  from 
the  two  groups,  and  in  fuel  from  different  test  series  within  the  respective 
groups. 
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TABLE  XII 


Existent  and  Potential  Chat*  Con+ant  of  CTE  Fuel 
from  Additive  Evaluation  Studies  after  16  Weeks  Storage 


10*  Soa  Water 

Additive 

Group.  ■ 

«  «uaA00 

*1  Fuel 

Series 

Bet  teas 

Type  Chm 

I 

II 

in 

nn 

A 

Active  -  Ho  Iron 

Existent 

o.k 

1.5 

0.6 

0.3 

Potential 

0.5 

1.9 

0.7 

o.k 

B 

Sterile  -  Ho  Iron 

Existent 

o.k 

1.6 

0.5 

o.k 

Potential 

o.k 

1.9 

1.1 

o.5 

C 

Active  -  Iren 

Existent 

o.5 

2.2 

O.k 

o.3 

Potential 

o.5 

2.3 

0.9 

0.8 

D 

Sterile  -  Ires 

Existent 

o.5 

1.7 

0.5 

o.k 

Potential 

0.7 

1.9 

o.k 

0.3 

E 

Sterile  Fuel  Only 

Existent 

1.0 

1.2 

o.5 

O.k 

-  Ho  Iron 

Potential 

0.6 

1.3 

o.5 

0.7 

F 

Sterile  Fuel  only 

Existent 

1.1 

1.2 

o.k 

o.k 

f 

-  Iron 

Potential 

1.1 

1.1 

0.5 

o.5 

A-l 

Active  plus  N  +  P 

Existent 

•0* 

e» 

o.k 

-  Ho  Iron 

Potential 

- 

- 

- 

0.7 

A-2 

Active  plus  H 

Existent 

_ 

_ 

0.3 

-  Ho  Iren 

Potential 

- 

- 

- 

o.k 

A-3 

Active  plus  P 

Existent 

o.k 

-  Ho  Ire* 

Potential 

- 

- 

- 

0.6 

C-l 

Active  plus  H  +  P 

Existent 

«• 

o.k 

-  Iron 

Potential 

- 

- 

- 

o.k 

*  Existent  Gum  -  ASTM  Test  Method  D  381; 
Potential  Qom  -  ASTM  Test  Method  D  873- 

*■*  (-)  denotes  that  sample  was  not  tested 
or  that  series  was  net  included  in  group. 
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filtorod  itoan  plugging  oocorrod  In  raportod  (in  pamnthema) . 

(-)  d«not«n  that  ampin  wan  not  filtorod  or  dint  particular  anrion  wan  not  included  in  tnart  group 


TABLE  mil 


Karl  Fischer  Water  Analysis  an  CITE  Fuel 
from  Add!  tire  Evaluation  Study  after  16  Weeks  Star  age 


Additive  Oroup  -  ppm  H2O 


Series 

10$  Sea  Water  Bette** 

I 

mi 

A 

Active ,  No  Iren 

li3 

60 

B 

Sterile,  No  Iren 

U7 

60 

C 

Active,  Iran 

U2 

3k 

D 

Sterile,  Iran 

U3 

68 

X 

Sterile  Fuel  Only ,  No  Iren 

30 

3k 

F 

Sterile  Fuel  Only,  Iren 

31a 

35 

A-l 

Active  (N  *  F) ,  No  Iren 

- 

ko 

C-l 

Active  (N  ♦  P) ,  Iron 

- 

ko 

c.  Analysis  of  Sludge 

"Sludge*  accumulations  in  the  additive  evaluation  studiee  (v&ter  and 
fuel  insoluble  materials  other  than  corrosion  products)  were  observed  only  in 
units  with  increased  microbial  activity.  Corrosion  products  precluded  the  study 
of  sludge  in  units  containing  steel  wool  (Series  C,  D  and  F).  Quantitative 
gravimetric  determinations  were  made  on  four  fractions  of  the  sludge: 


Fraction  A 


Fraction  B 


Fraction  C 


Fraction  D 


Insoluble  Material  (Insoluble  in  fuel,  water, 
and  benzene-acetone -methyl  alcohol  solvent). 

Fuel  Sludge  (Material  insoluble  in  fuel  and 
water  but  soluble  in  benzene-acetone-methyl 
alcohol  solvent). 

Non-volatile,  water  solubles  (including  NaCl) 
and  fine  particles  which  may  have  passed  through 
the  Millipore  filter  diec. 

Material  from  the  water  bottoms  collected  on 
0.U5  micron  Millipore  filter  disc  after 
Fraction  A  has  been  collected. 


Details  of  the  procedures  employed  are  presented  in  Appendix  B.  The 
results  of  analyses  on  units  from  Groups  I,  II,  in  and  XIII  are  reported  in 
Table  XXIV.  Those  units  exhibiting  heaviest  microbial  growth  contained  the  most 
sludge,  particularly  the  nitrogen  and  phosphorus  unit  (Group  XIII,  Series  A-l). 

Only  a  trace  of  benzene -ace tone -methyl  alcohol  solvent  soluble  material  (Fraction  B) 
was  found  in  the  bottoms  examined.  Material  collected  on  the  Millipore  filter 
disc  (Fraction  D)  was  similar  to  that  collected  on  the  glass  filter  pad  (Fraction  A). 
Microscopic  examination  of  the  Millipore  disc  revealed  the  presence  of  bacterial 
cells  and  fungus  nycelium. 


Several  discrepancies  were  noted  in  the  quantities  of  water  soluble 
materials  (Fraction  0)  present  in  the  Control  Group  XXII,  particularly  in  Series 
A-l.  The  water  bottoms  in  Series  A-l,  2  and  3  contained  nitrogen  and  phosphorus 
salts  in  addition  to  the  salts  present,  in  the  sea  water;  The  results  suggest  that 
the  salts  were  incorporated  into  the  microbial  sludge  which  formed. 


To  further  characterize  the  sludge  in  these  systems.  Fractions  A  sr.d  3 
from  Group  XIII,  Series  A-l,  were  analyzed  in  the  infrared  spectrometer.  The 
absorption  spectrum  obtained  on  Fraction  A  was  similar  to  but  not  the  same  as  the 
one  shown  in  Figure  1.  Subsequent  studies  reported  in  Section  D-l-a,  and  shewn  in 
Figures  U  and  5  therewith,  indicated  that  the  spectrum  constituted  the  infrared 
absorption  characteristics  of  the  bacterial  cells  and  fungus  nycelium  present. 
Infrared  analysis  of  Fraction  B  indicated  that  it  was  primarily  hydrocarbon, 
probably  fuel  components. 
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TABLE  XHV 


Results  ef  Gravimetric  Determination  ef  SLulge 
from  Additive  Bvaluatien  Units  after  16  Weeks  Storage 


Fraotien, 

Weight  in  mgs/test  unit 


Additive 

Qreup 

10J6  Sea  Water  Bottoms , 
Series  Witheut  Iren 

id) 

b(2) 

C(3) 

D00 

I 

A  Active 

10.1 

5.2 

76.8 

18.3 

B  Sterile 

0.7 

1.6 

87.1 

0.0 

X  Sterile  fuel  only 

o.5 

- 

- 

- 

II 

A  Active 

1.3 

2.5 

78.7 

0.6 

B  Sterile 

1.3 

2.U 

75.8 

0.0 

3  Sterile  fuel  «ly 

0.8 

«e 

- 

- 

in 

A  Active 

3.3 

0.3 

80.1 

2.3 

B  Sterile 

3.1 

0.1 

78.7 

0.2 

X  Sterile  fuel  only 

0.1 

- 

- 

- 

xni 

A  Active 

0.7 

0.7 

86.8 

0.1 

B  Sterile 

0.3 

0.0 

76.6 

0.0 

C  Sterile  fuel  snly 

0.0 

- 

- 

- 

A-l  Active  (N  ♦  P) 

8.7 

88.8 

31.6 

A-2  Ac  tire  (N) 

1.5 

0.8 

97.7 

OJt 

A-3  Autive  (P) 

25.1 

1.3 

106.6 

U.2 

(1)  Insoluble  Material  -  Insoluble  in  fuel,  water  and  bens«ne-aeet*ne- 
methyl  aloehol  solvent. 

(2)  Fuel  Sludge  -  Material  insoluble  in  fuel  and  water  but  soluble  in 
bensene^acetene-msthyl  aleehol  solvent. 

(3)  Non-volatile,  water  solubles  (including  NaCl)  and  fine  particles 
which  nay  have  passed  through  the  filter  pads.  Reported  as  mg/20  ml 
ef  water  bottoms. 

(U)  Material  not  removed,  by  initial  filtration  through  glass  filter  pad 
and  having  a  particle  size  greater  than  0.U5  microns.  The  material 
was  collected  on  a  0.U5  micro®  Millipere  filter  disk. 


3.  CITE  Fuel  Storage  Testa  -  Effects  of  Fuel  Stability  and  Mixing 


Two  other  variables  which  may  influence  the  growth  of  microorganisms 
and  sludge  formation  in  fuel-water  systems  were  investigated.  The  effect  of 
fuel  stability  and  occasional  mixing  of  the  water  and  fuel  phase  „ere 
considered.  The  two  additive -free  fuel  blends  were  employed  in  this  study: 
stable  straight-run  fuel.  Blend  1  (used  ii  Additive  Evaluation),  and  potentially 
unstable  fuel  containing  straight-run  and  cracked  stock.  Blend  2. 

Tests  were  set  up  in  8-oz.  square  bottles  containing  20C  ml  of  fuel 
and  10  ml  of  105?  sea  water,  with  and  without  iron.  The  various  series  were  set 
up  in  the  same  manner  as  the  Additive  test  (Appendix  F)  with  the  above , exceptions . 
Duplicate  groups  were  set  up  with  each  fuel  for  comparison  cf  static  incubation 
with  occasional  mixing* 

Blend  2,  the  less  stable  fuel,  was  expected  to  form  typical  fuel  sludge. 
Unfortunately,  the  fuel  was  more  stable  than  anticipated.  After  2U  weeks,  there 
was  no  noticeable  change  in  the  appearance  of  the  fuel  or  in  the  microbial  growth 
in  the  water  bottoms  (Table  XIV).  Also,  intermittent  shaking  had  very  little 
effect  on  growth.  It  should  be  pointed  out  that  these  tests  were  set  up  with 
additive-free  fuel,  and  with  105?  sea  water  bottoms,  deficient  in  nitrogen  and 
phosphorus. 


The  teats  were  discontinued  after  six  months  when  it  was  obvious  that 
no  change  jn  the  fuel  had  occurred.  Intermittent  shaking  also  failed  to  signifi¬ 
cantly  influence  the  microorganisms  in  the  water  bottoms.  This  was  apparently 
due  to  the  lack  of  nitrogen  and  phosphorus  in  the  water  bottoms.  No  other 
potentially  unstable  fuel  blends  were  prepared  because  of  the  difficulties  of 
meeting  the  Military  specifications.  Since  our  efforts  under  this  program  were 
confined  to  CITE  fuel,  we  did  not  pursue  this  area  any  further. 
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Estimated  Number  of  Viable  Microorganisms  in  Water  Bottom 
The  Effect  of  Fuel  Stability  and  Mixing  on  Microbial  Growth 
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The  initial  pH  of  all  water  bottoms  was  adjusted  to  7.0. 

(Y)  An  organism  which  formed  a  yellow  colony  on  TCE  agar  predominated  in  these  units.  When  transferred  to 
sea  water:  fuel  medium,  the  organism  did  not  grow.  It  appears  to  be  a  scavenger  type. 


it.  Studies  on  Hydrocarbon  Fuel  Components  Utilized  by  Microorganisms 

In  preliminary  studies  vith  RP-1  rocket  fuel  wo  attempted  to  estab]  ish 
which  hydrocarbon  components  of  tie  fuel  wore  utilized  by  the  microbial  flora 
present.  Hydrocarbon  type  analysis  of  exposed  fuel  failed  to  reveal  arty  signifi¬ 
cant  changes  in  fuel  composition  (Tables  IV  and  V).  Apparently,  the  organisms 
utilized  such  small  quantities  of  the  fuel  that  it  was  impossible  to  detect  any 
chango.  Also,  when  mixed  cultures  were  employed,  a  variety  of  hydrocarbon  types 
were  probably  attacked,  further  complicating  the  analysis.  In  an  effort  to  more 
directly  establish  which  hydrocarbon  types  were  being  utilized,  c  tudles  were 
initiated  with  pure  compounds.  A  nusber  of  hydrocarbon  types  which  might  be 
found  in  a  typical  CITE  fuel  blend  were  selected. 

The  cultures  used  in  these  studies  were  selected  from  Sinclair's  stock 
culture  collection.  Some  twenty  pure  and  mixed  cultures  isolated  from  fuel-water- 
systems  were  checked  for  their  ability  to  grow  on  additive-free  CITE  fuel  (Blend  1). 
The  tests  were  set  up  in  two  basal  media,  mineral  salts  solution  and  105b  sea  water 
containing  added  nitrogen  and  phosphorus  salts.  Twelve  of  the  twenty  cultures 
checked  grew  profusely  on  the  CITE  fuel  in  both  test  media.  Growth  was  somewhat 
slower  under  static  conditions  than  when  incubated  on  a  shaker.  However,  the 
amount  of  growth  present  in  the  systems  at  the  end  of  cne  week  apparently  varied 
only  slightly.  No  quantitative  measurements  were  employed,  only  visual  comparisons 
were  made. 


The  twelve  cultures  which  grew  well  on  the  CITE  fuel  were  transferred  to 
mineral  salts  solution  overlaid  with  a  blond  of  pure  n-paraffins  (Appendix  G). 

All  but  two  cultures  grew  well  on  the  hydrocarbon  blend.  The  two  cultures  which 
did  not  appear  to  utilize  the  n-par&ffins  were  isolated  from  RP-1  fuel.  They 
apparently  utilized  aromatic  components  of  the  fuel. 

Additional  studies  were  made  using  the  composite  inoculum  employed  in 
the  storage  tests.  Enrichments  were  made  apid  several  pure  cultures  Isolated. 

a.  Mixed  Culture  Studies 

Seventeen  purified  hydrocarbons  and  a  synthetic  mixture  were  exposed  to 
the  composite  tank  bottom  water  sample  used  to  inoculate  earlier  storage  tests. 
Included  were  n-heptans,  n-octane,  n-tridecane,  n-tetradecane,  isooctane,  2-met)^l- 
heptane,  2-raethylbpxane,  benzene,  toluene,  meta-xylene,  1, 2,  U-trimethylbenzene, 
n-propylbenzene,  isopropylbenzene,  naphthalene,  biphenyl,  1, 3-dimethylcyclohexane, 
and  a  mixture  of  cycloparaffins  (including  cyclopentane,  roathylcyclopentape,  cyclo¬ 
hexane  and  methylcyclohexane ) .  All  purified  hydrocarbons  used  were  either  Phillips 
Research  Grade  (99+  Mol  5f),  American  Petroleum  Institute  or  National  Bureau  of 
Standards  Reference  Compounds.  Because  of  volatility  problems,  particularly  with 
the  lighter  hydrocarbons,  growth  experiments  were  carried  out  in  a  Warburg 
respirometer.  Details  of  the  procedures  are  presented  in  Appendix  H.  The  studies 
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sere  conducted  in  10$  soa  water,  containing  nitrogen  and  phosphorus  salts 
(Appendix  B).  Carbon  dioxide  was  continually  absorbed  frets  the  system  by  KOH 
in  the  center  well  of  each  Warburg  flask. 

Growth,  as  reflected  by  oxygen  uptake,  was  observed  within  a  week  as 
8uramciiz6d  in  Table  XIVI  tinder  Inoculum  I.  These  results  were  subsequently 
duplicated  using  tightly  capped  U-ounce  bottles  containing  20  ml  of  10$  sea 
water  solution.  Every  21*  hours,  the  caps  were  loosened  to  allow  air  exchange. 
Incubation  took  place  under  shake  conditions  at  30*C. 

Bacteria  predominated  in  units  containing  the  isopropylbenzene, 
biphenyl  and  naphthalene,  while  mixtures  of  bacteria  and  fungi  were  observed 
growing  on  the  normal  paraffins.  Continued  enrichment  of  the  mixed  cultures  on 
the  individual  hydrocarbons  resulted  in  accelerated  growth  and  selection  of  one 
or  two  organisms.  Attempts  were  then  ro*de  to  isolate  pure  cultures  for  further 
study. 

b.  Characterization  of  Pure  and  Mixed  Cultures 

Cultures  from  the  above  study  were  serially  enriched  on  n-heptane, 
n-octane,  n-tridecane,  n-tetradecane,  isopropylbenzene,  naphthalene  and  biphenyl. 
After  four  transfers,  the  n-paraffin  cultures  were  streaked  on  10$  sea  weter- 
hydrocarbon  agar  plates  (Appendix  B).  A  mixture  of  n-paraffins  (Appendix  G)  was 
employed  as  a  carbon  source  in  this  medium.  Isolated  bacterial  colonies  were 
transferred  to  10$  sea  water  solution  and  the  hydrocarbon  on  which  the  culture 
waa  enriched.  Fungi  were  isolated  by  placing  a  piece  of  the  fungal  growth  from 
initial  enrichment  units  on  the  surface  of  the  solidified  medium.  After  several 
dfiys  the  fungi  grew  a way  from  the  initial  streak,  permitting  their  isolation 
from  the  peripheral  area  without  bacterial  contamination.  Organisms  which 
utilised  naphthalene,  biphenyl  and  isopropylbenzene  were  also  isolated.  The 
biphenyl  and  Isopropylbenzene  isolates  grew  extremely  slow  and  were  very  difficult 
to  maintain.  Furthermore,  the  CITE  fuel  used  was  deficient  in  these  two  hydro¬ 
carbon  types  and  would  not  support  growth.  These  twc  isolates,  therefore,  were 
not  subjected  to  further  study. 

The  naphthalene  culture  was  checked  for  its  ability  to  grow  on  the 
following  substituted  naphthalenes: 

1- Wethyln&phthalene 

2- Methylnaphthalene 

1. 2 - Dime  thy lnaphth alene 

1.3-  ■ 

1.5-  • 

1.6-  " 

1.7-  * 

2.3-  ■ 

2  6-  " 
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TABLE  XXVI 


Comparison  of  Growth  of  Pure  and  Mixed  Cultures 
on  Various  Pure  Hydrocarbons _ _ 


Hydrocarbon 


Inoculum  I  Inoculum  II  Inoculum  III  Inoculum  VII  Inoculum  VIII. 


n-Heptane  + 

n -Octane  + 

n-Tridecare  + 

n-Tetradecane  + 

iso-Octane 

2 -Methylheptane 

2-Methylhexane 

Benzene 

Toluene 

o -Xylene 

m-Xylene 

1,2  ,U-Ti'imethylbenzene  - 
n-Propylbenzene 
iso-Propylbenzene  + 

Naphthalene  + 

Biphenyl  + 

Cycloparaffin  Mixture 
Phenol 

CITE  Fuel  + 


+  (weak) 
+  (weak) 


■» 


+ 


+ 


+ 


+ 


*(  +  )  Indicates  hydrocarbon  supported  grow  of  culture  on  several  transfers. 
**(-}  Indicates  hydrocarbon  failed  to  support  growth  of  culture. 


Cycloparnffin  Mixture  contained  equimolar  concentrations  of  the 
following  s 


Cyclopentane 

Methylcyclopentsne 

Cyclohexane 

Methylcyclohexane 
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Only  slight  growth  was  no tad  on  2-mettaylnaphthalene,  while  heavy  growth  was  noted 
on  1, 2-methylnaphthalene.  The  growth  on  the  latter  compared  quite  closely  to 
that  obtained  on  naphthalene  itself.  Growth  was  generally  observed  in  less  than 
2li  hours  on  these  two  hydrocarbons. 

Cultures  which  utilised  n-paraffins  were  transferred  to  10)8  sea  water 
solution  containing  individual  n-paraffins  from  C5  to  and  (Cj5  was  not 
available  in  purified  form).  Growth  was  observed  visually  and  the  results  are 
recorded  in  Table  XXVII.  The  n-heptane  and  octane  cultures  appeared  to  be  the 
same  organism,  utilizing  the  same  hydrocarbons.  For  this  reason,  only  the 
n-octane  culture  (Inoculum  VI)  was  included  in  the  table.  The  culture  enriched 
or  n- tridecane  grew  best  on  n-paraffins  in  the  C7  to  Cio  range.  This  was  in 
contrast  to  the  n-tetradecana  enrichment  which  grew  best  on  C^q  ®16  n-paraffins. 

In  addition  to  the  composite  tank  bottom  (Inoculum  I)  and  the  enrichment 
culture  reported  above,  four  other  cultures  were  examined  for  their  ability  to 
grow  on  CITE  fuel  and  to  utilize  various  hydrocarbon  types.  They  were  identified 
as  follows: 


Inoculum  II 
Inoculum  III 

Inoculum  VII 
Inoculum  VIII 


Pseudomonas  ap.  (Isolated  from  JP-1*). 

Pure  culture  of  bacteria  isolated  from  RP-1, 
Rocket  fuel  sample  supplied  by  Natick. 

Claaosporlum  resinae  (Isolated  from  JP-lj). 

Mixed  culture  of  bacteria  and  fungi  obtained 
from  Sohio. 


The  results  of  these  studies  are  reported  in  Table  XXVI.  Inocula  II, 
VII  and  VIII  grew  primarily  on  the  n-paraffins,  while  Inoculum  III  grew  only  on 
naphthalene.  Apparently  Inocula  VII  and  VIII  prefer  the  higher  molecular  weight 
normal  paraffins  in  contrast  to  Inoculum  II  which  in  this  study  grew  on  C7,  Cg, 
C13  and  Ci),  paraffins.  A  further  check  on  Inoculum  II  (a  pure  Pseudomonas  sp. 
isolated  from  JP-U)  indicated  that  the  organism  was  capable  of  utilizing 
n-paraffins  from  C5  to  Tpoculum  III  (a  pure  unidentified  bacterial  culture 

isolated  from  RP-1  fuel),  on  the  other  hand,  utilised  2-raethyl-,  1# 2-diaethyl-, 
and  2,3-dimethyl-  substituted  naphthalene  in  addition  to  naphthalene,  but  failed 
to  grow  on  the  other  methyl  deiirc.*"*  ves.  These  two  pure  cultures  were  isolated 
from  two  different  fuels,  which  differ  primarily  in  paraffin  content  rather  than 
in  the  amount  of  aromatics  present.  The  RP-1  fuel  is  a  narrow  boiling  fraction 
with  a  distillation  range  of  365-ulO  compared  with  137-ii76  for  JP-L. 
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TABLE  UV1I 


Comparison  of  Growth  of  Purified  Cultures 
Enriched  On  n-Qctane,  n-Tridecane 
And  n-Tetradecane  on  Eleven  r. -Paraffins 


n-Octane 


Organisms  Enriched  On 


n-'i.-idecane  n-Tetradecane 


n  -Paraffin 

Inoculum  VI 

Inoculum 

V  Inc 

Pentane 

- 

- 

- 

Hexane 

444 

- 

Heptane 

44  4-4 

.4444 

- 

Octane 

44  + 

4444 

Nonane 

4+44* 

444 

- 

Decane 

44 

4444 

++ 

Undecane 

4 

+4 

+ 

Dodecane 

± 

4 

t-4- 

Tridecane 

- 

± 

+ 

Tetradecane 

- 

- 

+ 

Hexadecane 

- 

• 

♦  ■f 

Growth  was 

-  No 

observed  visually  and  rated  as 

visible  growth 

follows 

±  Questionable  growth 
*  Slight  growth 
♦♦  Moderate  growth 
***  Moderate  to  heavy  growth 
♦*+♦  Heavy  growth 
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The  preference  of  the  tank  bottom  isolates  for  n-paraffins  is  quite 
obvious  from  the  results  reported  in  this  Bection.  This  ia  not  surprising  since 
paraffins  are  generally  the  predominate  hydrocarbon  type  in  test  fuel  employed. 

In  the  following  sections  we  employed  eight  cultures  whi-h  we  considered 
representative  of  typical  tank  bottom  flora.  Also  included  were  mixed  natural 
mixtures  of  organisms  obtained  from  the  field.  All  test  cultures  were  character¬ 
ized  in  this  section  as  to  the  hydrocarbon  types  which  would  support  their 
growth  or  the  growth  of  at  least  one  member  of  the  mixture.  In  addition  to  the 
four  identified  abcve,  the  following  were  included  in  this  groupr 

Inoculum  I  -  Tank  bottom  composite.  Same  preparation 

used  in  setting  up  the  additive  evaluation. 

Inoculum  IV  -  Pure  fungus  culture  isolated  from  the  tank 

bottom  composite  (Inoculum  I)  on  n-tetradecane . 

Inoculum  V  -  Mixed  culture  containing  bacteria  and  fungi. 

Obtained  by  enriching  the  tank  bottom  composite 
(Inoculum  I)  on  n-tridecane. 

Inoculum  VI  -  Same  as  V,  except  enrichment  car-ied  out  on 
n -octane . 


D.  Product! on  and  Analysis  of  Microbial  Sludge 

Earlier  studies  with  CITE  fuel  demonstrated  the  ability  of  micro¬ 
organisms  to  grow  in  water  bottoms  at  the  expense  of  hydrocarbon  components 
of  the  fuel.  Also  demonstrated  was  the  need  for  suitable  nitrogen  and  phosphorus 
sources  for  the  production  of  microbial  sludge  In  these  systems.  Based  on  this 
and  other  information  obtained  in  these  studies,  three  systems  were  employed  for 
the  controlled  production  of  microbial  sludge.  In  the  first  system  the  sludge 
was  produced  under  static  conditions  in  one-gallon  glass  bottles.  The  second 
system  employed  conventional  laboratory  fermentation  techniques  for  the  production 
of  large  quantities  of  sludge.  CITE  fuel  was  used  in  the  static  while  both  CITE 
fuel  and  pure  hydrocarbons  were  used  in  the  femsntor. 

A  third  series  was  set  up  under  static  conditions  employing  n-hexadeeane 
as  a  substrate  and  two  fungus  cultures,  Inocula  IY  and  VTI.  This  series  was  set 
up  under  conditions  which  favor  fungus  growth  in  an  effort  to  obtain  large 
quantities  of  sludge  for  comparison  with  bacterial  sludge  produced  in  the 
fermenter. 

1.  Static  Test  System 

Preliminary  tests  were  set  up  in  gallon  bottles  containing  160  ml  of 
105S  sea  water  solution  (Appendix  B)  and  approximately  one  gallon  of  filter 
sterilised  CITE  fuel  (Additive-free,  Blend  1).  The  units  were  inoculated  with 
various  mixed  and  pure  cultures  of  both  bacteria  and  fungi  characterised  in  the 
above  section  and  identified  as  follows: 


Inoculum  I 

Inoculum  II 
Inooulum  III 

Inoculum  IV 

Inoculum  V 

Inoculum  VI 
Inoculum  VII 
Inoculum  VUI 


Tank  bottom  composite.  Same  preparation 
used  in  setting  up  the  additive  evaluation. 

Pseudomonas  sj>.  (Isolated  from  JP-l*). 

Pure  culture  of  bacteria  isolated  from  RP-1 
fuel  sample  supplied  by  Hatick. 

Pure  fungus  culture  isolated  from  the  tank 
bottom  composite  ( Inoculum  I)  on  n-te trade cane. 

Mixed  culture  containing  bacteria  and  fungi. 

Obtained  by  enriching  the  tank  bottom  composite 
(Inoculum  I)  on  n-tridecane. 

Same  as  V,  except  enrichment  carri  i  out  on  n-octane. 

Cladosporlum  resinae  (Isolated  from  JP-L). 

Mixed  culture  of  bacteria  and  fungi  obtained 
from  SOHIO. 
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After  six  weeks  storage  under  static  conditions  at  30*C.,  the 
contents  of  each  unit  were  separated  into  three  fractions  according  to  the 
procedure  outlined  in  Appendix  E. 

A.  Inaolvble  Material  -  Insoluble  in  fuel,  water,  and 
a  benzene-acetone  -■ethyl  alcohol  solvent  mixture. 

(Triple  solvent.) 

B.  Fuel  Sludge  -  Material  insoluble  in  fuel  and  water 
but  soluble  in  a  benaen* -acetone -methyl  alcohol 
solvent  mixture. 

C.  Non-volatile,  water  soluble  mteriale  and  fine 
particles  which  »qr  have  passed  through  the  filters 
employed. 

Gravimetric  determinations  of  Fractions  A  and  B  are  reported  in 
Table  XIV iU.  The  results  indicate  that  Inoeula  I,  XV  and  Vlii  produced  the 
most  microbial  sludge  under  the  test  conditions  employed.  In  general,  there 
does  not  appear  to  be  any  correlation  between  the  quantity  of  microbial  sludge 
produced  (Fraction  A)  and  the  amount  of  fuel  sltrige  (Fraction  B)  observed. 
Variations  In  the  quantity  of  fuel  sludge  may  be  due  to  the  presence  of 
materials  extracted  from  Fraction  A.  Such  compounds  as  lipids  and  high 
mole cular  weight  alcohols,  and  possibly  some  polysaccharides  and  proteins, 
may  be  extracted  by  the  solvent  mixture  employed. 

a.  Observations  on  Fraction  A 

The  water,  fuel  and  triple  solvent  insoluble  material.  Fraction  A, 
from  each  of  the  eight  test  systems  was  examined  by  infrared  spectroscopy. 

Eight  inoeula  were  employed  in  this  study  in  an  effort  to  establish  if  there 
were  any  significant  differences  in  the  IE  absorption  characteristics  of  pure 
cultures  and  natural  mixtures  grown  in  a  fuelrwater  system.  Careful  examination 
of  the  spectra  indicated  that  each  sample  possessed  slightly  different  absorption 
properties.  However,  all  absorbed  strongly  in  the  9-10  micron  range.  Differ¬ 
ences  in  spectra  are  apparently  due  to  inherent  differences  in  the  microorganisms 
present.  Characteristic  of  all  spectra  was  the  absorption  band  at  5*95-6.1 
microns  which  is  normally  duo  tq  amides.  In  these  samples  the  band  could 
represent  the  peptide  bonds  of  proteins.  Representative  IE  spectra  are 
presented  in  Figures  U  and  5* 
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Reports  in  the  literature  on  the  IR  absorption  characteristics  of 
microorganisms  attribute  the  9.5  band  to  cellular  carbohydrates' ^»2).  The  IR 
spectra  of  starch  and  dextrin  show  strong  absorption  bands  between  8.7  and  10.0 
microns.  While  these  bands  are  in  the  right  range,  they  are  considerably  broader 
and  do  not  appear  to  be  the  same  as  the  microbial  sludge.  However,  spectra  of 
some  mono-  and  di -saccharides  shew  strong  absorption  bands  at  9-10  microns' 3), 
suggesting  that  the  cellular  material  is  of  lower  molecular  weight  than  the 
starch  and  dextrin. 

b«  Observations  on  Fraction  B 

Analysis  of  the  triple  solvent  soluble  material.  Fraction  B,  from  the 
eight  test  systems  was  also  confined  to  infrared  spectroscopy.  Representative 
spectra  obtained  on  these  samples  are  presented  in  Figures  6-10.  It  should  be 
pointed  out  that  some  of  the  samples  were  run  as  Nujol  mulls.  Absorption  bands 
due  to  hydrocarbons  are  quite  apparent  in  the  spectra  of  samples  run  without  the 
mulling  agent.  The  presence  of  absorption  bands  between  5*6  and  5.9  microns  on 
spectrograms  of  all  samples  Indicates  oxidized  compounds,  either  fuel  components 
or  residual  solvent.  However,  absorption  in  this  range  was  not  observed  in  any 
of  the  insoluble  sludge  samples  (Fraction  A)  which  were  solvent  extracted,  some¬ 
what  ruling  out  the  solvent.  This  would  also  tend  to  indicate  that  the  solvent 
extraction  of  Fraction  A  removed  essentially  all  of  the  material  which  absorbs 
at  5*6  to  5*9. 

Examination  of  the  IR  spectra  obtained  on  Fraction  B  revealed  two 
groups  of  inocula  having  similar  spectra  (Figure  7).  One  group  consisted  of 
Inocula  I,  VI  and  VII  (Figure  6),  and  the  other  included  II  and  V.  The  remaining 
spectra  appeared  to  be  distinctly  different  from  those  in  the  two  groups.  It  is 
not  surprising  that  Inocula  I,  VI  and  VII  have  similar  spectra  since  VI  and  VII 
are  enrichments  of  I.  However,  Inoculum  V  should  also  be  in  this  group  for  the 
same  reason,  but  it  has  a  distinctly  different  spectrum,  possibly  reflecting  a 
predominate  microbial  type  not  present  in  the  other  inocula. 


(1)  C-reenstreet,  J.E.S.  and  Norris,  K.P.,The  Existence  of  Differences 
Between  the  Infrared  Absorption  Spectra  of  Bacteria",  Spectrochimica 
Acta  9,  177-198  (1957). 

(2)  Norris,  K.P.,  "Infrared  Spectra  of  Microorganisms",  Advances  in  Spectroscopy, 
Volume  II,  pp.  293-330  (1961),  edited  by  H.W.  Thompson,  Interscience 
Publishers,  Inc.,  N.T. 

(3)  Katlafsky,  B.  and  aeller,  R.E.,  "Attenuated  Total  Reflectance  Infrared 
Analysis  of  Aqueous  Solutions",  Analytical  Chemistry  35,  (11)  1665-1670, 
(1963). 
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re  Length  In  Uicrone 
B,  Inoculum  I. 


Wave  Length  in  Microns 

Infrared  apectras  of  Fraction  3,  Inoeulun  HI. 


Infrared  spectrin  of  Fraction 


An  interesting  observation  was  the  presence  of  absorption  bands 
between  9  and  10  microns  in  the  triple  solvent  sold) la  fraction  similar  to 
the  bands  noted  in  the  Fraction  A  spectra.  The  bands  were  particular}/  sharp 
in  Figures  6  and  10,  but  son  what  obscure  in  Figure  8  (Inoculum  HI).  Absorption 
in  this  range  suggests  the  presence  of  triple  solvent  soluble  carbohydr at e -like 
Materials.  Seas  oellular  polysaccharides,  far  example,  are  alcohol  soluble. 

Absorption  bends  were  also  observed  between  5.^5  and  6.1  microns  in 
all  samples  of  Fraction  B  with  the  possible  exception  of  Inoculum  HI  (Figure  8). 
Bands  In  this  range  are  usually  associated  with  amides,  suggesting  the  presence 
of  triple  solvent  soluble  proteins,  polypeptides,  or  amino  sugars. 

The  atypical  spectrogram  obtained  on  the  solvent  soluble  fraction  of 
Inoculum  III  (Figure  8)  is  of  particular  interest  since  the  organism  involved 
is  the  only  one  tested  which  utilises  ar castle  hydrocarbons  (naphthalene  and 
several  substituted  naphthalenes ).  Absorption  bands  usually  assigned  to 
substituted  aromatics  were  observed  in  the  12.25  to  13*5  micron  range.  The 
presence  of  aromatics  is  further  evidenced  by  the  absorption  bands  at  approxi¬ 
mately  6.2  microns.  Other  absorption  bands  of  interest  were  observed  in  the 
5 .6-5 *9  and  5.95-6  ranges,  and  at  8  microns.  In  general,  these  bands  are 
associated  with  oxidised  organic  compounds  such  as  esters  and  organic  acids. 

These  observations  confirm  that  hydrocarbon  fuel  components  other  than  paraffins 
are  susceptible  to  microbial  attack. 

c.  Observations  on  Fraction  C 


Detailed  analyses  of  Fraction  C  (water  bottoms  free  of  microbial  sludge), 
were  carried  out  in  several  steps  as  outlined  in  Appendices  I  and  J.  The  results 
of  these  analyses  are  discussed  below  in  three  parts,  each  dealing  with  a  partic¬ 
ular  type  of  analysis. 

1)  Proteins 

The  presence  of  proteins  in  water  bottoms  containing  active  micro¬ 
organisms  would  normally  be  expected  as  a  result  of  the  elaboration  of  extra¬ 
cellular  enzymes  and  cell  lysis.  Several  methods  of  quantitating  the  protein 
present  in  the  cell -free  water  bottoms  (Fraction  C)  were  considered.  Two  technique 
were  selected  because  of  their  sensitivity  and  specificity.  Since  most  tests  for 
proteins  have  inherent  limitations,  the  two  procedures  were  employed  in  an  effort 
to  minimise  the  errors  involved.  To  eliminate  Interfering  substances- which  might 
be  present  in  the  water  bottom,  an  aliquot  of  each  water  bottom  warn  dialysed 
against  running  tap  water.  Determinations  were  made  before  and  after  dialysis. 

Results  cf  the  quantitative  measurement  at  proteins  in  the  water  bottoms 
are  presented  in  Table  XXIX.  The  presence  of  interfering  substances  is  indicated 
by  the  lcarer  readings  obtained  after  dialysis.  Since  both  methods  are  dependent 
on  the  presence  of  tyrosine  In  the  protein  molecule,  any  other  phenolic  compound 


0 

0 

0 

li 

0 

[] 

0 

0 

0 

11 

n 

u 

0 

n 

0 

0 

D 

0 

D 


-85- 


(5)  Analysis  nade  on  water  bottons  after  dialysis  agaj.net  running  tap  water. 


present  will  also  be  detected.  Analysis  of  water  bottoms  fro*  atari la  oontrol 
units  and  of  CITE  fuel  revealed  the  presence  of  phenolic  materials.  Tbs  fuel 
contained  76  ppm  of  phenols.  This  is  within  the  normal  range  for  a  straight- 
run  product  haring  a  distillation  range  comparable  with  CITS  fuel*  Therefore* 
the  values  obtained  after  dialysis  are  no  re  realistic.  Bren  these  figure# 
should  be  considered  slightly  high  because  it  is  difficult  to  completely 
eliminate  the  interfering  substances.  Ve  were  not  able  to  adjust  the  figures 
obtained  with  the  various  protein  tests  because  the  orgsnlsms  present  probably 
utilised  sons  of  the  phanolics.  Nevertheless,  variations  in  the  protein  content 
were  noted  between  the  water  bottoss  containing  different  inocula.  Inoculum  II, 
a  Pseudomonas  eg.  apparently  produced  the  scat  extracellular  protein. 

If  these  data  are  considered  qualitative  rather  than  quantitative, 
we  can  conclude  that  protein  is  present  in  the  water  bottoms  in  all  of  the 
test  systems.  Also,  we  can  speculate  that  it  nay  contribute  to  the  stability 
of  the  eaulsion  which  is  normally  observed  in  jaicrobial  sludge  at  the  fuelswater 
interface  in  the  field  as  well  as  in  the  laboratory. 

In  reviewing  our  techniques  for  detsnainlng  proteins.  Dr.  K.  J .  Kronman 
of  Natick  pointed  out  several  inadequacies  in  our  procedures.  The  Lowry  and 
280/260  methods  for  determining  protein  are  dependent  on  the  tyrosine  content 
of  the  protein  involved.  In  comparing  mixtures  of  proteins,  differences  in 
composition  may  be  reflected  as  differences  in  concentration.  Ve  appreciate 
the  significance  of  this  point  but,  after  reviewing  available  procedures, 
decided  that  perhaps  the  error  involved  would  be  minimized  rather  than  enhanced 
by  the  fact  that  we  were  dealing  with  mixture#  of  proteins.  The  error  would  be 
great  only  if  we  were  dealing  with  very  unusual  proteins.  Furthermore,  because 
of  the  apparent  low  protein  content  of  our  samples  we  were  required  to  use  these 
two  methods.  The  conventional  biuret  procedure  requires  considerably  mare 
material  and  in  addition  doea  not  work  in  the  presence  of  ammonium  salts. 
Dialysis  could  have  been  employed  to  eliminate  the  salt  but  we  could  not 
compensate  for  the  low  protein  content.  An  unsuccessful  attempt  was  made  to 
precipitate  the  protein  with  trichloroacetic  acid. 

At  the  time  we  were  conducting  these  analyses,  we  were  unaware  of  the 
presence  of  phenolic  compounds  in  the  water  phase.  Undoubtedly,  these  materials 
were  interfering  with  both  procedures.  Dialysis  probably  eliminated  much  of 
this  material  but  sow  of  the  higher  molecular  weight  compounds  probably 
remained  in  the  sample. 

Further  attempts  vers  as  da  to  determine  the  protein  content  of  water 
bottoms  produced  in  Fermenter  Studies  and  are  covered  in  Section  D-2  of  this 
report* 
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2)  Carbohydrates 

Efforts  to  quantitate  the  amount  of  carbohydrate  material  present  in 
the  water  bottoms  first  involved  a  review  of  available  procedures*  Two  techniques 
which  reportedly  determine  tct.**  carbohydrate  were  selected*  the  inthrone  and  the 
Indole  Methods*  However,  only  the  Anthrons  procedure  (Appendix  I)  proved  of  any 
value  in  testing  the  water  bottoms.  The  XH^SC^  in  the  lOJf  sea  water  medium 
Interfered  with  the  Indole  test* 

The  results  obtained  with  the  Anthrone  technique  are  presented  in 
Table  XXX.  Ia  all  cases,  the  carbohydrate  content  of  the  water  bottoms  was 
relatively  low.  leadings  obtained  on  the  aasplea  were  at  the  laser  limits  of 
the  test's  sensitivity*  For  this  reason*  the  per  cent  error,  which  ia  normally 
greater  in  this  range*  was  Magnified  when  corrections  were  made  for  dilution 
and  the  results  adjusted  to  ag  per  liter* 

Qualitatively  this  test  procedure  confirmed  the  presence  of  carbohydrate 
in  the  water  bottons*  It  is  possible  that  this  material,  like  the  protein*  may 
also  help  stabilise  the  emulsion  present  in  microbial  sludge  samples  before 
extraction. 

Dr.  F.  V.  Parrish  of  latick  consented  on  our  techniques  far  determining 
total  carbohydrates.  He  recommended  the  use  of  the  phenol  method  of  Smith,  F., 
at  al,  (Analytical  Chemistry  28,  3.50,  1956),  because  it  has  distinct  advantages 
over  the  Anthrone  method  vhicfTwe  employed.  This  method  was  evaluated  and 
Interference  encountered  from  nitrates  present  in  the  svste*.  With  respect  to 
the  Anthrone  procedure,  the  results  obtained  (Table  XXX)  were  definitely  at  the 
lower  limits  of  the  test's  sensitivity.  The  data  presented  were  based  on  the 
original  volume  of  water  bottoms  which  vari.d  from  160  to  320  ml  and  were  adjusted 
to  ag  Alter  for  convenience.  However,  in  the  process  of  fractionating  the  samples, 
the  water  phase  was  diluted  considerably  before  the  Anthrone  determinations  were 
made. 


Dr.  Parrish  also  pointed  out  that,  despite  the  apparent  low  concentration 
of  carbohydrates,  we  should  be  able  to  obtain  ample  material  for  structural 
determinations  from  a  few  liters  cf  solution*  Unfortunately,  it  is  impractical 
to  obtain  this  volume  of  solution  with  our  present  test  system. 

The  following  tests  were  employed  and  the  resulting  Interferences  noted; 


Test  Procedure 

Anthrone 

Indole 

Phenol-HjSQjj 


Interfering  Agents 

■D3  (ppt)  Phenol  (color) 

HO3  (rot)  Phenol  (color) 

VO3  (Color  forps.  A  material  having  a 
broad  absorption  band  is  also  pro¬ 
duced.  Since  tto  quantity  of  HC3 
varies,  adequate  controls  are 
essentially  impossible*) 
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TABLE  XXX 


Total  Carbohydrate  Content  of  Water  Bottoms j  Fraction  C 

(»ft/l) 


Inoculum 


Procedure 

I 

II 

III 

IV 

V 

VI 

vn 

mi 

.  (1) 

An throne 

* 

1 

_l“ 

*  “  - 

• "  ■ 1 

6U 

75 

156 

172 

25 

66 

(U5) 

76 

127 

(1)  Aahwall,  G. ,  1957,  Colorimetric  Analysis  of  Sugars,  in  Methods  in 
Enzymology  n,  8L,  Edited  by  Colcwick,  3.  P.  and  Kaplan,  S.  0,, 
Academic  Press ,  Inc.,  N.  Y. 
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3)  Hoc-Protein  and  Mon-Carbohydrate  Components 

A  series  of  diatillati oca  and  extraction*  vara  coni voted  on  an 
aliquot  free  each  water  bottom  a  ample  (Fraction  C)t  following  closely  the 
procedures  generally  employed  in  fermentation  analyses  (Appendix  J)* 

Because  of  i-lis  questionable  eensitivity  of  the  analytical  procedures 
employ v  the  results  are  presented  in  a  qualitative  form*  It  appears 
that  moat  of  the  classes  of  compounds  detected  in  the  analyses  vere  present 
in  leer  concentration*,  if  present  at  all* 

Result;  sf  these  tests  are  summarized  in  Table  XXXI.  Of  the 
'tight  samples  analysed,  only  the  water  bottom  containing  Inoculum  III  (RP-1 
pure  bacterial  culture)  gave  positive  test  results*  The  Identity  of  the 
compounds  present  in  the  two  distillates  was  not  established.  Further  testa 
to  determine  the  nature  of  the  materials  present  vere  not  made  because  of 
the  relatively  small  quantity  of  samples  available.  Larger  quantities  of 
material  vere  obtained  end  analysed  in  the  Fermentor  Studies  reported  in 
Section  D-2  of  this  report. 


TABLE  ECU 


Suraaarisation  of  Analyses  for  Non-Protein 
and  Non-Carbohydrate  Components  of  Watrr  Bottom*  ( Fraction  C ) 

Static  Teat  _ 


Analytical  Procedure  ______ 

1  H 

Volatile  Neutrals  - 
Analysis  of  distillate 
Pi chromate  Test  -( 1 ) 

NMSTcCI].  Extract) 

Volatile  Acids  - 
Analysis  of  steam 
distillat9 
Titrable  Acidity 

CCL  Fx tractable,  non¬ 
volatile  neutrals 
NMR 

CC1[,  Extractable,  non¬ 
volatile  acids 

NKR  - 


_ Inoculum  _ . 

Ill  IV  V  VI  VII  VIII 


+(2) 


+ 


(1) 


Negative  test,  no  compounds  observed. 


(f)  " 


Positive  test,  a  small  amount  of  material  detected. 


2 •  Fermentor  Stadias 


The  data  obtained  with  the  static  system  reported  in  Section  D — 1 
yielded  useful  information  on  the  growth  of  microorganisms  in  fuel  systems 
but  failed  to  provide  ^equate  material  for  detailed  analyses  of  sludge  and 
water  bottoms.  To  conveniently  produce  sufficient  quantities  of  these  materials* 
a  single  unit  New  Brunswick  Microform  fermentor  was  used.  Details  of  the  system 
are  presented  in  Appendix  K.  Because  of  the  relatively  large  volumes  of  material 
involved,  some  modification  of  earlier  fractionation  procedures  was  required 
(Appendix  L).  The  interfacial  emulsion  which  formed  in  the  runs  with  CITE  fuel 
was  handled  separately'. 

Five  fermentor  runs  ware  made  employing  two  pure  cultures  and  a 
composite  of  contaminated  tank  bottom  water  samples.  The  two  pure  cultures 
were  grown  on  the  pure  hydrocarbons  which  they  utilized  most  readily  and  on 
CITE  fuel.  Details  of  the  cultures  used  are  presented  in  Section  C-U  of  this 
report.  The  f ollowlpg  fermentor  runs  were  made: 

Run  1  -  Inoculum  II  (Pseudomonas  ap.)  on  n-octana . 

Run  2  -  Inoculum  III  (W-l  culture,  pure)  on  naphthalene. 

Run  3  -  Inoculum  I  (Composite  tank  bottom  sample)  on  CITE  fuel. 

Run  U  -  Inoculum  II  on  CITE  fuel. 

Rim  5  ~  Inoculum  III  on  CITE  fuel. 

Fermentor  run  3  consisted  of  a  two-stage  process  involving  incubation 
under  dynamic  conditions  in  the  fermentor  followed  by  static  conditions  under  a 
large  volume  of  fuel  (Appendix  K).  Following  the  fermentor  run  which  produced 
heavy  bacterial  growth,  the  contents  of  the  fermentor  were  divided  in  half. 

The  two  portions  were  used  to  inoculate  two  UO-liter  glass  carboys  containing 
sterile  CITE  fuel.  We  anticipated  heavy  fungus  growth  to  develop  under  the 
static  conditions.  The  pH  of  the  water  phase  was  approximately  $  when  the 
fermentor  run  was  completed.  To  insure  fungus  growth,  the  carboys  were  re- 
inoculated  with  an  aliquot  of  Inoculum  I.  This  two-stage  process  more  closely 
approaches  field  conditions  where  both  bacteria  and  fungi  are  present.  The 
fermentor  simulated  the  turbulence  of  pumps  which  tend  to  produce  emulsions, 
and  the  carboys  simulated  tbs  relatively  quiescent  tank  bottoms. 

Fermentor  run  2  had  to  be  repeated  because  of  excessive  foaming  and 
the  use  of  a  large  amount  of  silicone  antifoam  agent.  The  silicone  made  analysis 
of  the  sludge  and  water  bottoms  impossible.  Fermentor  run  5  was  also  repeated, 
but  only  because  of  difficulties  in  separating  the  emulsion  which  formed.  The 
vcter  phase,  including  the  cells,  was  evaporated  to  dryness  at  105*C.  The  run 
was  repeated  in  order  to  obtain  an  aqueous  fraction  for  analysis. 

Each  fermentor  run  was  handled  separately  and  fractionated  in  the 
manner  described  in  Appendix  L.  The  fractions  obtained  were  analyzed  in  an 
effort  to  characterise  the  materials  present.  In  previous  studies  we  reported 
only  three  fractions: 
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Fraction  A  -  Insoluble  Residua  -  Insoluble  in  fuel,  waver, 
and  be nsene -acetone -methyl  alcohol  solvent 
mixture  (triple  advent). 

Fraction  B  -  Fuel  Sludge  -  Material  insoluble  in  fuel  and 
water  but  soluble  in  be  nsene -acetone -methyl 
alcohol  solvent  mixture  (triple  eolvent). 

Fraction  C  -  Water  Bottoms  -  Water  soluble,  non-volatile 
materials. 

In  an  effort  to  obtain  better  separation  of  materials  the  procedures  were  extended 
to  include  the  following  fractions  (Appendix  B): 

Fraction  D  -  Water  Soluble  Extract  -  Materials  extracted 
from  the  sludge  with~di stilled  water. 

Fraction  E  -  Hexane  Solubles  -  Materials  extracted  frc* 
the  sludge  with  n-hexane.  In  the  past  this 
fraction  has  been  considered  as  part  of  the 
feel  phase  and  not  reported. 

The  weights  of  the  various  fractions  were  obtained  and  are  presented  in 
Table  XXXII.  Very  little  difference  was  noted  in  the  yield  of  sludge  from  runs 
1*  3  and  I.  Run  2  yielded  veiy  little  sludge,  probably  because  of  the  short 
duration  of  the  test.  The  high  yield  reported  for  run  5  was  due  to  the  inclusion 
of  salts  present  in  the  water  bottom. 

Ordy  trace  quantities  of  hexane  and  triple  solvent  soluble  material  were 
present  in  the  sludge  obtained  from  runs  1  and  2  (pure  hydrocarbons ) .  Small  but 
significant  quantities  of  these  two  fractions  were  obtained  when  CITE  fuel  was 
employed  (runs  3,  U  and  5).  Relatively  largo  quantities  of  water  soluble 
materials  were  obtained  in  runs  1,  2  and  b.  A  substantial  portion  of  this 
material  is  probably  due  to  cell  lysis.  Also,  it  was  difficult  to  completely 
eliminate  inorganic  salts  from  this  fraction.  The  sludge  from  run  $  contained  a 
large  quantity  of  inorganic*  since  the  entire  water  phase  had  to  be  evaporated  to 
dryness  to  facilitate  handling. 

Analytical  data  obtained  on  each  fraction  are  discussed  below.  Results 
from  the  various  fermentor  runs  are  compared. 
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a.  Observations  on  Fraction  A 


Elemental  analyses  of  Fraction  A  fro  a  the  various  fanaentar  runs  are 
presented  In  Tables  XXXIII  and  XXXIV.  Considerable  variations  in  the  relative 
concentrations  of  C,  H,  0,  M  and  P  in  aicrobial  cells  can  be  expected  since 
many  factors,  including  the  genetic  sake -up  of  the  organism,  influence  call 
content.  Emission  Spectrograph  analysis  (Table  XXXIV)  indicated  that  phosphorus 
was  a  najor  metal  in  all  sludge  samples.  Calcium  was  also  a  major  metal  in  the 
sludge  from  runs  2,  U  and  5*  The  variations  noted  probably  reflect  differences 
in  growth  conditions  or  in  preparation  of  the  sludge,  as  well  as  factors 
intrinsic  to  the  organisms  involved*  Data  from  run  5  was  not  included  because 
we  were  not  able  to  account  for  the  inorganic  salts  present* 

The  following  empirical  formulae  were  derived  from  the  data  in 
Table  XXIIII: 


Run  1  -  CUtHeoP^lcP 
Run  2  - 

Run  3  -  C62HhCP23h13J’ 

Run  1 1  -  02911620121*8^ 

Variations  in  element  content  are  again  reflected  by  these  formulae.  The  affect 
of  substrate  and  conditions  is  demonstrated  in  the  foraulae  obtained  on  runs  2 
and  U  which  employed  the  same  organism.  These  empirical  formulas  appear 
relatively  reduced  when  compared  with  obtained  by  Forges,  et  al* 

for  activated  sludge  produced  in  a  simulated  waste  disposal  system.  In  forges' 
systen  not  only  were  the  conditions  oxidative  but  the  substrate  was  more 
oxidised. 


XR  spectra  obtained  on  samples  of  Fraction  A  (water,  fuel  and  triple 
solvent  insoluble  material)  from  ths  five  fermenter  runs  were  essentially  the 
same.  Figures  11  and  12  are  representative  of  the  spectra  obtained  on  these 
fractions.  The  spectrum  of  Fraction  A  from  run  5  waa  altered  somewhat  by  the 
presence  of  inorganic  salts.  Also,  there  were  no  apparent  changes  in  the  sludge 
spectre  before  and  after  extractions.  Interfacial  sludge  from  runs  1;  and  5  had 
spectra  similar  to  those  shown  in  Figures  11  mid  12* 

All  spectra  possessed  strong  absorption  bands  in  ths  5*5>  to  6.5  micron 
range,  indicating  higher  relative  concentrations  of  protein  than  observed  with 
the  same  cultures  under  static  conditions  (Figures  U  and  5).  This  was  probably 
due  to  more  favorable  growth  conditions  in  the  fermenter.  A  dynamic  system 
provides  a  better  supply  of  oxygen  and  substrate,  thus  epeouraglng  rapid  growth. 
Under  these  conditions  there  is  probably  less  tendency  for  carbohydrate  to 
accumulate  in  the  cells  and  a  greater  tendency  for  protein  synthesis. 


(■»)  Porges,  N.  et  al,  1956,  "Principles  of  Biological  Oxidation",  Biological 
Treatment  of  Sewage  and  Industrial  Wastes,  Edited  by  McCabe,  B.J.  and 
Eckenf elder,  W.V.,  Vol.  1,  pages  35~h8»  Relnhold  Publishing  Corp. 
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TABLE  mm 


Elemental  Analysis  of  Microbial  Sludge  -  Fraction  A 


Percent 


Element 

Run  1 

Inoculum  II 
(n-Octane) 

A*  J 

Run  3 

Inoculum  I 
(CITE  Fuel) 

Run  4 

Inoculum  II 
(CITE  Fhel) 

Carbon 

1(2,0 

45.9 

47.72 

38.7 

Hydrogen 

7.0 

6.3 

7.11 

6.8 

Oxygen 

19.6 

17.6 

24.30 

20.7 

Nitrogen 

13.0 

12.5 

11.40 

11.6 

Phosphorus 

2.7 

3.0 

1.95 

3.4 

Sulfur 

0.8 

0.3 

0.70 

0.6 

Sodium 

0.3 

0.3 

’  0.06 

o.5 

Potassium 

1.0 

0.4 

0.16 

1.2 

Ash 

2.0 

11.9 

7.33 

11.8 

%  Recovery 

88.4 

98.2 

100.73 

95.3 
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TABLE  HOT 


★ 

Emission  Spectrograph  Metal  Analysis 


of  Microbial  Sludge  Ash 


Relative 

Concentration 


Run  1 

Inoculum  II 
(n-Octane ) 


Run, 2 

Inoculum  III 
(Naphthalene) 


Run  3 
Inoculum  I 
(CITE) 


Run  U 

Inoculum  II 
(CITE  Fuel) 


Major  P  P  P  P 

Ca  Ca 

Na 


Minor 


Trace 


Si 

Zn 

Ca 

Fe 

Ni 

Fe 

Ca 

Mg 

A1 

Fe 

Si 

Fe 

Ag 

A1 

Mn 

Pb 

Cu 

Cu 

Cu 

Cu 

Cr 

Cr 

Zn 

Cr 

Pb 

Pb 

Si 

Sn 

Ti 

A1 

1.5  Meter  Orating  Emission  Spectrograph,  Applied 
Research  Laboratories  instrument. 
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Absorption  bands  ars  also  present  at  3*0  and  6*5U  microns  which  wars 
not  normally  present  «ar  only  vaguely  discernible  in  other  sludgo  spectra.  Tbeas 
bands  ars  usually  assigned  to  secondary  amines  and  yadns  or  aotal  soaps  reapee- 
tiTsly.  The  lade  uf  bands  in  these  regions  in  the  other  sludge  spectra  was 
probably  due  to  the  relative  r.oncentrrtiona  present  or  Banking  by  othsr  components. 
Bands  at  these  two  wars  lengths  and  in  the  5*9  to  6.05  rings  ars  characteristic 
of  many  proteins,  and  tend  to  confirm  tbs  high  protein  content  of  the  cells. 

In  addition  to  the  bands  in  tbn  5*5  to  6-5  micron  range,  all  spectra 
shewed  strong  absorption  bands  in  the  9-10  micron  region.  According  to  Korrisvl) 
absorption  In  this  region  is  due  primarily  to  cellular  polysaccharide* .  Normally, 
bands  in  this  region,  more  specifically  at  9*1  to  9.5,  ars  assigned  to 
and  "-SO"  stretching  and  *P-0-C*  rib  rations.  However,  whan  these  structures  ere 
present,  another  band  is  observed  at  10.6  microns.  In  the  IB  spectra  of  sludge 
samples  (Traction  A)  this  band  is  general ly  not  observed,  or  is  only  vaguely 
discernible* 

A  more  recent  article  by  Linker  and  -Jonas ^  reported  studies  on  poly¬ 
saccharides  produced  by  a  Pseudomonas  «p.  St  spectra  of  their  polysaccharide 
preparation  possessed  strong  absorption  bends  between  9  and  10  micron  and  at 
10*6  microns*  In  an  effort  to  establish  the  presence  or  absence  of  e  10*6  micron 
band,  crude  separations  of  the  sludge  (Fraction  A)  from  run  1  were  mads  employing 
TCA  (trichloroacetic  acid)  precipitations  (Appendix  H).  The  St  spectrum  of  the 
sludge.  Fraction  A,  before  TCA  treatment,  is  presented  in  Figure  11  and  shows 
the  typical  absorption  band  at  9*5  microns  and  a  questionable  band  at  10*6  microns. 
These  two  bands  wore  quite  pronounced  in  the  supernatant  solution  after  TCA  pre¬ 
cipitation  of  the  protein  (Figure  13).  Apparently,  protein  or  other  TCA  precipit- 
able  sludge  components  masked  the  10.6  micron  band. 

Carbohydrates,  glyeyls,  and  some  organophosphstea  all  possess  absorption 
bands  in  these  two  regions.  The  class  most  likely  present  In  the  sludge  would  be 
the  carbohydrates  and  probably  their  phosphoric  acid  esters.  This  would  tend  to 
confirm  Harris'  observation. 

It  should  be  noted  that  the  amide  band  in  the  5*9  to  6.01  niorou  range 
is  still  present  in  the  purified  preparation.  This  is  probably  dm  to  the 
presence  of  non-TCA  preclpd&yble  proteins,  polypeptides,  amino  acids,  or 
possibly  nitrogen  containing  carbohydrates . 


(1)  Norris,  K.P.,  1961,  Infrared  Spectra  of  Microorganisms,  pp  293-33C,  Advances 
in  Spectroscopy,  Volume  II,  edited  by  Thmpeop,  H.V.,  Interscience  Publishers, 
Inc*  N.T. 

(2)  Linker,  S.A.  and  Jones,  B.S. ,  1?6U,  A  Polysaccharide  Resembling  Algfnic  Add 
from  a  Pseudomonas  Microorganism.  Nature  20U,  (hSE5f$  18?. 
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b.  Observations  on  Fraction  2 


The  triple  solvent  aolglle  fractions  from  the  forwent or  runs  were 
analysed  by  infrared  spectroscopy.  A  representative  spectrum  is  shown  In 
Figure  Hi.  In  general,  the  spectra  obtained  re c cable  the  one  shown  In 
Figure  7  (Fraction  8.  Static  Teat).  However,  the  absorption  bands  are  clearer 
in  Figure  Hi.  Of  particular  interest  are  the  ester  bands  at  5*72  and  8  to  9 
microns.  These  bands  apparently  reflect  the  presence  of  lipid  materials 
extracted  froa  the  cells.  Also  present  are  bands  generally  assigned  to  proteins 
and  carbohydrates .  The  triple  solvent  evidently  extracted  these  cell  components 
or  perhaps  caused  lysis  which  released  these  materials  into  the  solvent.  Similar 
spectra  were  obtained  on  triple  solvent  soluble  components  of  interfacial  sludge 
collected  from  ferment or  runs  It  and  5»  The  ester  components  of  the  sludge  which 
are  clearly  visible  in  these  s. .  ?\ra  are  apparently  lipid  components  of  the  cells. 
These  materials  appear  to  have  ‘.ed  as  surfactants  and  stabilized  the  emulsions 
which  formed  in  the  ferxwntor  runs  employing  fuel. 

Further  solvent  separation  of  the  triple  solvent  soluble  fraction  from 
run  U  produced  a  material  which  was  also  soluble  in  n-hexana.  The  spectrum  of 
this  fraction  is  shown  in  Figure  15.  later  bends  at  7.2  and  8-9  microns  are 
very  clear  as  is  the  band  between  9-10  microns  usually  assigned  to  carbohydrate 
components.  The  hydrocarbon  peaks  (3.5.  6.8.  7.3  and  13.8)  are  probably  due  to 
residual  hexane  and  fuel  components. 

A  similar  separation  was  made  on  the  triple  solvent  soluble  material 
from  run  3*  The  hexane  soluble  fraction  had  a  spectrum  similar  to  Figure  15* 

IR  analysis  of  the  hexane  insolubles  indicated  that  the  materials  which  absorb 
in  the  7  to  10  micron  range  were  absent  (Figure  16) .  Peaks  associated  with  acid 
carbonyls,  amides  and  metal  soaps  were  present.  In  addition,  bands  at  6.2,  6.6 
and  in  the  11  to  13  micron  range  were  present,  suggesting  aromatic  structures. 
These  peaks  probably  represent  trace  quantities  of  microbial  pigments.  The 
spectrum  of  an  ethanol  extract  of  the  tri-solvent  soluble  material  (fraction  B) 
is  presented  in  Figure  17.  Because  of  the  variety  of  structures  present, 
distinct  bands  were  not  obtained.  H<wever,  some  of  the  absorption  bands  do 
warrant  content.  A  strong  secondary  amine  band  is  present  at  3«0  microns  and 
a  strong  soap  band  at  6.51  micro  us.  The  broad  band  between  5«5  and  6.2  microns 
apparently  represents  three  and  possibly  four  peaks;  ester  carbonyl  at  5*75; 
acid  carbonyl  at  5.82;  amide  carbonyl  at  5.9-6.01;  and  possibly  an  aromatic 
ring  band  at  6.25.  Some  evidence  of  aromatic  substitution  is  also  present. 

This  is  indicated  by  the  bands  above  10  microns. 

This  ethanol  extract  was  also  examined  on  the  High  Mass  Spectrophoto¬ 
meter.  While  the  results  are  not  conclusive,  the  following  compounds  or  similar 
materials  may  bmve  been  present  in  the  sample.  The  spectrum  indicated  the 
presence  of  a  mixture  of  aromatic  adds,  acetates  and  possibly  ketones  having 
molecular  weights  ranging  through  mass  322.  Hot  all  of  the  sample  volatilized, 
since  there  was  a  small  amount  of  residue.  The  predominate  component  peaks  in 
the  order  of  greatest  peak  height  were  as  follows: 
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Hags  Number  Possible  Compounds 

136  m-Toluic  acid 

122  Ben role  acid 

138  Salicylic  acid 

152  Methyl  salicylate 

126  C$  Olefin 

112  C8  Olefin 

110  Catechol 

166  Ethyl  salicylate 

150  Methyl -o-toluate  or  ethyl  benzoic  acid 

13li  Methyl  acetophenone  or  C^q  alkyl  benzene 

120  C9  Alky  benzene 

12U  Dihydroxy  tolnene 

Peak  heights  of  the  above  components  vere  too  small  to  make  positive  identifi¬ 
cation  possible.  Additional  peaks  were  observed  between  166  and  322  mass  but  they 
were  too  weak  to  permit  even  tentative  identification.  However,  the  data  tend  to 
substantiate  the  infrared  observations. 

They  also  correspond  to  likely  metabolic  intermediates  which  might  be 
produced  since  Inoculum  III,  used  in  this  run,  is  quite  specific  for  naphthalene 
and  substituted  naphthalenes. 


c.  Observations  on  Fraction  C 

This  fraction,  water  soluble  materials,  was  analyzed  far  proteins, 
carbohydrates  and  other  organic  components.  The  results  of  these  analyses  are 
discussed  below. 

1)  Proteins 


Results  of  protein  determinations  on  the  aqueous  phase.  Fraction  C, 
from  the  various  fernentar  runs  are  presented  ir.  Table  XXXV.  A  modified  biuret 
test  was  employed.  Protein  was  not  detected  in  the  samples  from  runs  1  and  2 
which  utilized  pure  hydrocarbons  as  substrates.  However,  when  fuel  y as  employed, 
varying  amounts  of  protein  were  detected  in  the  samples.  This  may  have  resulted 
from  cell  lysis  due  to  the  excessive  washings  with  distilled  water  and  n-hexane 
required  to  separate  the  emulsions  which  formed. 


The  pre^ 
supports  the  cot 
hydrocarbon  utili. 


'  even  small  quantities  of  protein  in  the  water  bottoi 
hydrocarbon  utilizers  may  supply  nutrients  far  nou- 
-ivengers)  in  tank  bottoms# 
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TABLE  XIXV 


Results  of  Protein  Determinations  on  the  Aqueous 
Phase  from  Permentor  Runs 


Run  Number 


1 

2 

3 

k 

5 


Protein  Determination 
_ ng/65  ml _ 


(1) 


8.73 

3.80 

2.I4L 


^  Modified  biuret  procedure  reported  by 
Bei3enh»rz,  et,  al.,  (Zeitschrift  fur 
Naturforschung  Bb,  576-577,  1953) 
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l] 

2 )  Carbohydrates  |  . 

Our  efforts  to  detect  carbohydrates  la  the  Aqueous  phase  were 
frustrated  toy  the  presence  of  sodium  nitrate  in  the  medtium.  The  problems  .  , 

encountered  are  discussed  In  detail  In  8ection  D-l-c  of  this  report.  Despite  J  . 

the  availability  of  relatively  large  a  ample  s  of  water  bottoms  from  the  fermenter  ‘J 
studies,  we  were  unable  to  eliminate  the  sodium  nitrate  interference.  Ha 
quantitative  measurements  of  carbohydrate  content  were  therefore  made.  It  would  [  ' 
appear,  bc,,eT®r»  from  earl ier  teste  that  only  trace  quantities  of  carbohydrate  L 
are  present  in  the  water  phase  employing  the  teste  qualitatively .  Also,  there 
was  no  apparent  change  in  the  viscosity  cf  the  water  toot  tew  which  might  be  [  ; 

expected  if  excessive  accumulations  of  polymeric  substances  such  as  polysaccharides  [  _ 
were  present* 

3)  Mon-Protein  and  Xon-Carbo  hydrate  Components  j 

The  cell  free  aqueous  phase  obtained  from  the  forms ntor  runs  was  con¬ 
centrated  in  vacuo  and  subjected  to  a  series  of  distillation  and  extraction  ( 

procedures  outlined  in  Appendix  J.  Results  of  analyses  of  the  various  fractions  i 
are  presented  in  qualitative  form  in  Table  XZZ7I.  They  indicate,  with  the 
possible  exception  of  runs  it  and  5,  that  no  substantial  quantities  of  volatile  j 
neutrals  or  acids  accumulated.  In  runs  It  an'  5»  trace  quantities  of  volatile 
neutrals  were  detected  but  further  analysis  indicated  that  the  materials  were 
hydrocarbon  components  of  the  fuel. 

Following  the  distillations,  the  water  bottoms  were  extracted  with  4 ' 

ether  rather  than  carbon  tetrachloride  to  facilitate  handling.  All  water 
bottoms  contained  ether  exfcractables,  both  acidic  and  neutral.  An  attempt 
was  made  to  characterise  these  fractions  by  infrared  absorption  techniques. 

Materials  extractable  under  both  acidic  and  basic  conditions  were  j 

obtained  from  run  1.  The  IR  spectrum  (Figure  18)  Indicates  the  presence  of  very  ;  : 

complex  and  diverse  organic  structures,  probably  microbial  pigments.  No  one 
component  was  present  in  a  significant  quantity  to  permit  complete  or  even  ,  , 

partial  identification.  Similar  observations  were  made  on  spectra  obtained  on  j  , 

acidic  and  basic  ethar  extracts  of  run  2  water  bottoms.  However,  in  these  spectra  ;  J 

additional  bands  were  present  which  indicated  the  presence  of  aromatic  hydro¬ 
carbons,  probably  residual  naphthalene  .  There  was  also  some  evidence  of  aromatic 
acids*  This  is  not  surprising  since  the  organism  employed  utilises  naphthalene  LJ 
and  the  pathany  includes  a  niafcer  of  oxidized  aromatic  intermediates* 

[  ] 

Fermentor  runs  3,  b  and  5  were  set  up  with  CITE  fuel.  IR  spectra  of  |  j 
the  various  ether  extracts  revealed  the  presence  of  trace  quantities  of  phenollcs 
in  essentially  every  sample.  This  observation  was  anticipated  since  the  fuel 
used  contained  approximately  70  ppm  of  these  materials .  In  addition  to  the 
phenollcs,  the  complexity  of  the  apectra  indicated  that  a  variety  of  other 
compounds  were  present  in  the  extracts  but  only  a  fsw  structures  were  clearly 

i  ) 

■.  J 
] 
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discernible .  Characterisation  of  the  components  waa  again  handicapped  by  the 
email  quantities  of  earn  plea.  Aromatic  and  aliphatic  aclde  and  nitrogen  con¬ 
taining  compounds  were  indicated  by  spectra  of  ether  extracts  from  runs  3  and  U. 
The  multiplicity  of  compounds  indicated  by  the  spectra  is  not  surprising  since 
the  substrate,  fuel,  contains  a  variety  of  hydrocarbon  types.  It  is  unlikely 
that  ary  one  fuel  component  is  present  in  any  significant  quantity.  The 
results  also  suggest,  particularly  in  run  It,  that  some  co-oxidation  occurred. 

The  culture  employed  in  run  U utilised  only  n- paraffins  in  earlier  culture 
studies  (Section  C-lt-b).  The  presence  of  aromatic  adds  in  the  water  bottoms 
suggests  either  co-axidati. on  of  methyl  groups  or  oxidation  of  short  chain 
(C2-C10)  alkyl  benzenes. 

The  neutral  extract  from  run  5  was  similar  to  the  extracts  obtained 
with  runs  3  and  It.  However,  the  acid  extract  yielded  substantial  quantities  of 
organic  acids.  Tbs  IE  spectrum  presented  in  Figure  19  was  obtained  on  a  sample 
of  this  fraction  and  indicated  the  presence  of  benzoic  and  p-toluic  acids. 
Compounds  of  this  type  might  be  anticipated  since  the  test  culture  utilizes 
naphthalene  and  methyl  naphthalenes.  This  supports  the  observations  reported 
in  Section  D-2-b  with  extracts  of  evaporated  water  bottoms  from  an  earlier  run. 
In  this  earlier  sample  a  series  of  oxidized  aromatic  compounds 'including  m-tolulc 
and  benzoic  acids  were  Identified,  by  IR  and  the  Mass  Spectrophotcmter. 

d.  Observations  on  Fraction  D 


During  separation  of  the  various  fractions  from  feraantor  runs  it  was 
necessary  to  wash  the  sludge  (bacterial  cells)  repeatedly  with  distilled  water. 
In  the  static  series  reported  in  Section  D-l,  the  water  washings  were  combined 
with  the  water  bottoms.  Since  there  appeared  to  be  substantial  quantities  of 
material  in  the  water  waahings  obtained  with  the  ferment  or  series,  they  were 
examined  separately  as  Fraction  D.  The  samples  were  evaporated  to  dryness  at 
105*F.  and  analyzed  in  the  infrared  spectrophotometer. 

Comparisons  of  IR  spectra  on  fractions  from  the  various  fermenter  runs 
indicated  that  they  contained  essentially  the  same  types  of  material.  A  typical 
spectpuE  is  presented  in  Figure  20.  It  Is  obvious  that  the  water  soluble 
materials  are  cellular  components  as  they  have  essentially  the  soae  absorption 
bands  as  Fraction  A  (Figures  11  and  12).  The  components  were  probably  released 
from  the  cells  as  a  result  of  lysis.  As  pointed  out  in  the  first  part  of  this 
section,  measurable  quantities  of  H2O  soluble  materials  were  obtained  from  runs 
1  and  2  (Table  XXXII).  In  both  cases  the  cells  were  washed  repeatedly  with 
distilled  water. 
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Wave  Length  la  Mlcrena 

20.  Infrared  spectrua  of  water  soluble  extract  (Fraction  D)  of  aicroblal  aludga,  ?eraentar 


e*  Observations  on  Fraction  S 


Sludge  components  soluble  in  n-haxane  were  analyzed  in  the  infrared 
spectrophotometer.  Representative  spectra  are  presented  in  Figures  21  and  22. 
The  first  spectrum  (Figure  21)  is  representative  of  the  hexane  soluble  obtained 
when  pure  hydrocarbons  were  employed  as  the  substrate.  Banda  assigned  to 
eeters  are  present  at  2.8,  5«72,  and  8  to  9  microns.  This  material  is  probably 
cellular  lipids  extracted  by  the  n-hexane. 

The  spectrum  in  Figure  22  is  representative  of  fractions,  including 
those  frqm  interface  sludge,  obtained  from  systems  employing  CITE  fuel.  In 
contrast  to  the  first  samples  from  runs  1  and  2,  the  hexane  soluble  materials 
obtained  from  runs  3,  b  and  5  were  primarily  free  organic  acids.  There  cure 
some  faint  ester  bands  present,  indicating  at  least  trace  quantities  of  theee 
materials.  Bands  assigned  to  aliphatic  acids  are  present  at  5*8  and  10.75 
microns.  In  addition,  bands  assigned  to  aromatic  structures,  probably 
phenolics  from  the  fuel,  are  present  at  6.25  and  ?.?5  to  7.8  microns.  Widening 
of  the  band  et  3  to  U  microns  also  suggests  phenolics. 

Differences  noted  in  the  chemical  nature  of  n-hexane  solubles  from 
cells  grown  on  pure  hydrocarbons  and  from  cells  grown  on  CITE  fuel  are  difficult 
to  explain.  With  tha  pure  hydrocarbons  it  is  likely  that  the  conditions  favored 
the  production  of  cells,  C02  and  H20,  without  the  accumulation  of  intermediate 
oxidation  prcducta.  The  substrate  was  probably  limiting  in  these  runs.  However, 
in  the  fuel  runs  there  was  an  excess  of  substrate.  Also  there  was  a  chance  for 
co-oxidation  which  did  not  exist  in  the  pure  hydrocarbon  systems.  Thus  it  would 
appear  that  the  major  difference  between  the  two  systems  was  the  accumulation 
of  products.  This  observation  is  substantiated  by  the  fact  that  only  the  water 
bottoms  (Fraction  C)  from  CITE  fuel  runs  contained  organic  acids  and  other 
oxidized  proaucts. 

The  presence  of  organic  acids  in  association  with  the  cells  is 
somewhat  unusual.  It  would  appear  that  the  aoids  are  present  on  the  surface 
of  the  cells  since  they  were  readily  extracted  by  the  hexane.  Undoubtedly, 
the  acids  would  be  involved  along  with  the  cells  in  stabilizing  the  emulsions 
which  form  in  fermentor  runs  with  fusl.  There  is  also  the  possibility  that 
the  acids  had  poor  solubility  in  the  water  washes  and  were  centrifuged  out 
with  the  cells.  This  point  was  not  resolved. 
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Wave  Length  in  Micron* 

Infrared  apectrua  of  n-hexane  extract  of  sludge  fro*  Pernentor  Eua  2 


n-Tetradecane  Series 


■» 


A  static  test  series  was  set  up  in  gallon  bottles  with  two  fungal 
culturtjB,  Inocula  IV  and  VII,  employing  n-totradecane  as  the  substrate.  This 
series  was  set  up  to  produce  a  large  quantity  of  fungal  nycelium  or  sludga  for 
analysis  and  comparison  with  bacterial  sludge  from  the  feraent-or  runs.  Details 
of  the  test  series  are  presented  in  Appendix  N.  Contents  of  the  test  units 
were  collected  and  fractionated  according  to  the  procedures  outlined  in 
Appendix  E. 

Fractions  obtained  and  their  weight  percentages  are  presented  in 
Table  XXXVII,  Sludge  yields  from  the  two  series  were  essentially  the  same. 

The  most  significant  difference  between  the  two  cultures  wa6  the  large  per¬ 
centage  of  tri-solvent  and  hexane  soluble  raterial  extracted  from  Inoculum  IV 
sludge.  Only  trace  quantities  of  materials  soluble  only  in  n-hexane  (Fraction  E) 
were  obtained. 

Elemental  analysis  af  the  insoluble  sliidge.  Fraction  A,  ars  presented 
in  Tables  XXXVIII  and  XXXU.  The  following  empirical  formulae  based  on  these 
data  indicate  that  the  sludges  were  not  appreciably  oj-fferent  from  other 
laboratory  samples  and  the  field  sample  reported  in  Section  E-l. 

Inoculum  IV  -  C[;QHggO-.0NgP 

*r_  —  vtvt  ^  _  »j  ^ 

AUUuULLUW  >  A  A  —  y\- 


In  general,  there  does  nut  appear  tc  'oe  any  significant  differences  in  the 
elemental  analysis  of  bacterial  cells  ;see  Section  D-2-a)  and  fungal  mycelium. 

Infrared  spectra  obtained  on  ths  insoluble  residue  (Fraction  A)  from 
Inocula  IV  and  VII  units  were  essentially  the  same.  The  spectrum  of  material 
from  Inoculum  IV  is  shown  in  Figure  23.  In  general,  thts  spectrum  is  similar  to 
many  obtained  on  samples  of  sludge  from  the  laboratory  and  field  during  the  course 
of  this  investigation. 

Analysis  of  the  tri-solvent  soluble  materials  (Fraction  B)  indicated 
that  the  main  components  of  the  fraction  obtained  from  Inoculum  VII  were  inorganic. 
Fraction  B  from  the  Inoculum  IV  series,  however,  contained  cellular  components 
(Figure  2li).  Bands  associated  v  cellular  proteins  and  carbohydrates  are 

present  au  3,  6,  and  9-10  microns.  Hydrocarbon  bands  are  also  present  probably 
due  to  residual  n-tetradocane. 

Qualitative  analytical  data  obtained  on  the  water  bottoms  (Fraction  C) 
are  presented  in  Table  XL  .  No  volatile  components  were  obtai  ned  with  the 
distillation  procedures.  However,  materials  were  obtained  from  the  water  bottoms, 
after  distillation,  by  ether  extraction  under  both  acidic  and  basic  conditions. 

Th6  fractions  were  analyzed  by  IR  absorption  techniques.  Examination  of  the 
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Results  of  Gravimetric  Determinations  on  Microbial  Sludge 
n-Tetradecane  Series 
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TABLE  XXXVIII 


Elemental  Analysis  of  Microbial  Sludge  (Fraction  A) 
n-Tetradecane  Series 


Percent 


Element 

Inoculum  IV 

Inoculum  VII 

Carbon 

1*3.63 

1*3.19 

Hydrogen 

6  52 

5.1*2 

Oxygen 

35.00 

31*. 00 

Nitrogen 

7.89 

h.06 

Phosphorus 

2.27 

1.89 

Sulfur 

0.60 

0.51* 

Sodium 

0.25 

1.16 

Potassium 

1.1*0 

1.01 

Ash 

12.20 

10.95 

%  Recovery 

109.76 

102.22 

TABLE  XXXIX. 


(1) 

Emission  Spectrograph  Metal  Analysis 
of  Microbial  Sludge  A.sh 
n-Tetradecane  Series 


Relative 

ncent.ration  Inoculian  IV  Inoculum  VII 


Major  Na  Ca 

Ca  P 

P 

Minor  3i  Na 

Fe 

Trace  Cu  Si 

A1  A1 

Mg  Fe 

Pb  Cu 


(l)  1.5  Meter  Grating  Emission  Quantograph,  Applied 

Research  Laboratories  Instrument, 


grown  tinder  static  conditiome 


TABLE  XL 


Sup-*  irizftti  on  of  Analyses  for  Non -Protein  and  Non-Carbohyurate 
Coir.pt  rient.3  of  Water  Bottoms  (Fraction  C)  n-Tetradeoane  Series 


Analytic al  Procedure  Inoculum  IV  Inoculum  Vll 

Volatils  Neutrals  -(1) 

Annlys's  of  distillate 
Bichromate  Test 


Volatile  Acids 

Analysis  of  Steam  distillate 
Titrable  Acidity 

I  ?  \ 

Ether  txt.ractables ,  Non-  '  + 

Volatile  Neutrals 
( IK  Analysis  ) 


Ether  Extrac tables ,  Non-  +  + 

Volatile  Acids 
(IR  Analysis) 


(l)  -  -  Negative  test,  no  volatile  or  extractable  organi.c  compounds 

aete oted. 

(?)  +  "  Positive  test  for  volatile  or  extractable  organic  compounds. 


fipectra  revealed  absorption  bands  assigned  to  a  variety  of  structures  including 
major  bands  assigned  to  amides,  acid  carbonyl  and  liyiirooLTbona.  Spectra  obt.tl.nad 
on  the  ethsr  extractables  from  the  Inoculum  IV  series  a ra  shown  in  Figuvan  2[> 
and  26.  Spectra  on  the  Inocula  VII  samples  wore  similar  and  therefore.  were  not 
included.  It  would  appear  from  the  variety  of  structures  present  that  the  ether 
solubles  are  pigments  or  cellular  components.  Vhile  absorption  bundt  aft-nigned 
to  organic  acids  arc  present,  it  dose  not  appear  that  they  are  aliphatic  ns 
might  be  expected.  The  strong  band  at  10.7b  mien? ns  which  is  usually  at-sccif'  ul 
with  aliphatic  acids  is  net  present.  Aliphatic  acids  would  bo  expected  i/ 
degradation  of  the  tetradecane  vae  incomplete.  However,  the  presence  of  bands 
assisted  to  nitrogen  containing  structures  lands  to  support  the  cone)  iv  ion  that 
these  materials  are  pigments  or  cellular  components. 

Hexane  soluble  sludge  components  (Fraction  E )  from  Inocula  TV  and  VII 
appear  to  be  cellular  lipids.  The  material  from  inoculum  IV  that  was  soluble 
in  t-ri -solvent  and  n-hexano  was  identical  to  Fraction  E.  Figure  2?  is  tho  IH 
spectrum  obtained  on  this  fraction.  Ester  bands  are  present  at  5-72  and.  8  to  9 
microns.  Hydrocarbon  bunds,  probably  representing  residual  n-tetradecana,  are 
also  present. 


Wave  Length  in  Micron# 

Infrared  spectrcia  of  tl»  ether  extract  of  basic  water  hotter.:  produced  hy  Inoculum  ry 
grown  under  static  conditions. 


in  Microns 
of  acid  vatar  t 


Wave  Length  In  Microns 

ure  27.  Infrared  spectrum  of  n-haocane  soluble  material  (Fraction  ]•)  produced  by  Inoculm  IT 
groan  under  static  conditions. 


L 

E.  Analysis  of  Sludge  Samples  from  the  Field  j 

\ 

To  complete  our  investigation  of  microbial  sludge  it  appeared  desirable 
to  have  samples  of  material  from  the  field  to  compare  with  laboratory  preparations. 
Since  auch  information  is  not  generally  available  in  the  literature,  analysis  of 
sludge  samples  from  the  field  were  undertaken.  Two  samples  were  selected  for 
detailed  study.  One  sample  ( 1111-01-32, 115 )  was  obtained  from  a  small  diesel 
fuel  storage  tank  that  had  been  out  of  service  for  several  years.  The  other  i 

sample  (80001-01-26,160)  was  a  diesel  fuel  filter  which  appeared  to  be  partially 
plugged  with  normal  fuel  oxidation  products.  Each  sample  was  fractionated  in  the 
same  manner  as  sludge  from  laboratory  test  systems, 

A  sample  of  water  bottoms  from  a  CITE  fuel  storage  tank  was  provided 
by  the  Natick  Laboratories  (Any  Shipping  Document,  Voucher  No.  6  August  196!*) 

for  analysis.  Prelmanaiy  eAami.iau.on  indicated  tnau  the  sample  was  atypical, 
being  highly  contaminated  with  rust,  dirt  and  other  unidentified  materials  of  non-  ' 
biological  origin.  Therefore,  detailed  analyses  were  not  undertaken. 

\ 

1,  Analyses  of  Sample  No.  1111-01-32,115  f 

Microscopic  examination  of  this  sample  revealed  the  presence  of  typical  [ 
fungus  mycelium  and  bacterial  cells.  Culture  studies  indicated  that  only  a  few  j  ‘ 
of  the  microorganisms  present  were  still  viable.  Detailed  analyses  of  the  sample 
were  made  and  the  results  are  presented  and  discussed  below. 

Weight  percentages  of  the  various  fractions  obtained  are  presented  in 
Table  XLI  .  The  major  liquid  portion  of  the  sample  was  fuel.  Only  a  trace  of 
free  water  was  present.  This  was  dvs  to  the  fact  that  the  sludge  was  collected 
on  a  filter  during  tank  cleaning  operations.  A  substantial  quantity  of  water  ! 

soluble  materials  (Fraction  D)  was  obtained  from  the  sludge  while  only  a  small 
amount  of  tri-solvent  soluble  materials  (Fraction  B)  was  extracted.  Since  this  !  j 
is  a  field  sample  one  would  normally  expect  to  find  more  fuel  oxidation  products, 

Results  of  elemental  analysis  of  the  insoluble  residue.  Fraction  A,  are 
presented  in  Tables  XLI  I  and  XLIII.  An  empirical  fcrmula  of  C^Hgi^oNijP  was 
obtained,  A  comparison  of  the  element  content  of  the  various  sludge  samples  will 
be  presented  later  in  this  section.  It  should  be  noted  that  this  sludge  sample 
contained  a  substantial  quantity  of  iron  oxide.  This  is  typical  of  samples  from 
the  field  and  is  the  reason  iron  was  Included  in  earlier  storage  testa. 

Infrared  analysis  of  Fraction  A  (Figure  28)  indicated  that  it  was 
essentially  the  same  as  materials  obtained  from  laboratory  studies,  particularly 
in  the  static  series  with  Inoculum  I.  Some  similarity  was  also  noted  in  the  IR 
spectrum  of  Fraction  B  (Figure  29)  from  thie  field  sample  and  the  spectrum  of  the 
sasie  fraction  from  the  static  series  with  Inoculum  I.  These  observations  confirm 
that  the  sludge  produced  in  the  laboratory  systems  can  be  expected  to  form  in  the 
field.  We  have  also  obtained  spectra  similar  to  the  one  in  Figure  26  on  other 
samples  from  the  field  which  were  subsequently  found  to  contain  microorganisms. 
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TABLE  HI 


Gravimetric  Determinations  on  Diesel  Fuel  Sludge 
_ Sample  No.  1111-01-3?  ,115' _ 


Fraction 
Total  Sample 

Oil  Fraction  (including  hexane 
soluble  material) 

A  -  Insoluble  Residue 

B  -  Triple  Solvent  Soluble 

D  -  Water  Soluble  Material 


Weight  3n  Grams 
162. U 

126.8 

15.6 

0.3 

10.8 


%  Recovery  -  9L-5 
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TABLE  ILII 


Elemental  Analysis  of  Fraction  A  Obtained  from  Field  Samples 


Percent  Present 


Sample  Number 


Element 

im  -01  -32,  iib 

B0OOY-01-2fr, 

Carbon 

37.06 

63.80 

Hydrogen 

6.20 

7.30 

Oxygen 

27.  1*0 

13.70 

Nitrogen 

5.70 

2.60 

Rioaphorus 

2.25 

o.oi* 

Sulfur 

0.30 

1.90 

Sodium 

0.13 

0.52 

Potassium 

0.20 

0.06 

Ash 

15.U7  (5.6*  Iron)  5.90 

95.82 
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TABLE  XLHI 


* 

Emission  Spectrograph  Metal  Analysis  of  Fraction  A  Ash 
_ -  Field  Sample  b  - _ 


P  £.3  II  A  4  WNQ 

Sample 

Number 

r\  C  1  e  LX  VCJ 

Concent rat ion 

lllX-01-32,115 

0OOOY-O1-26,16O 

Major 

F1b 

Zn 

Minor 

B  Si 

Fe 

Trace 

Zn  Mg 

K 

Cr 

Cu 

Pb 

Si 

Mn 

Mn 

A1 

Cu 

Sn 

Mg 

Ni 

Ni 

Ca 

A1 

*  1.3  Meter  Grating  Emission  Quantograph,  Applied  Research 
Laboratories  Instrument. 
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Tava  Length  in  Microns 

Infrared  spectnm  of  Fraction  B  obtained  froa  diesel  fuel  sludge  staple, 


2.  Analyses  of  Sample  No.  800OT -01-26. 160 


Sludge  produced  in  laboratory  ey3tems  and  sludge  from  the  field 
(Sample  No.  lltX-01-32, 115)  have  been  analyzed  and  the  various  components 
characterized.  Unfortunately,  in  the  laboratory  systems  normal  chemical 
oxidation  products  (fuel  sludge)  did  not  form.  This  was  apparently  due  to 
the  excellent  stability  of  the  fuel  used.  Since  one  objective  of  this  program 
was  to  compare  microbial  sludge  with  fuel  sludge,  a  filter  which  was  partially 
plugged  with  diesel  fuel  oxidation  products  was  obtained  and  analyzed. 


The  filter  element  was  cut  in  small  pieces,  extracted  with  n-hexan,e  to 
remove  fuel,  dried,  and  extracted  with  tri-solvent  for  three  days  in  a  Soxhlet 
Extractor.  The  tri -solvent  was  evaporated  off  and  the  residue  obtained  was 
washed  with  n-hexane  ana  water^  Only  the  material  insoluble  in  hexane  and  water, 
and  solubl  in  the  tri-solvent,  was  analyzed.  However,  there  appeared  to  be  a 
trace  of  water  insoluble  inorganic  material  present  in  the  tri-solvent  soluble 
fraction  despite  efforts  tc  eliminate  it. 


Infrared  analysis  of  the  tri -solvent  soluble  fraction,  fuel  sludge, 
indicated  that  the  material  is  significantly  different  from  microbial  sludge. 

The  spectrograph  obtained  is  presented  in  Figure  30.  Ir.  general,  the  spectrum 
resembles  the  one  obtained  on  the  CITE  fuel  sludge  (Figure  2).  Careful  examina¬ 
tion  reveals  that  the  anide  band  (5.9  microns)  which  is  characteristic  of 
microbial  matter  is  missing.  Also,  a  C-N  band  (6.25  microns),  a  hydroxyl  band 
(3.0  microns)  and  an  acid  carbonyl  band  (5.8  microns)  are  present  in  the  fuel 
Bludge  spectrum  but  are  not  normally  found  in  spectra  of  microbial  sludge. 

The  sharp  band  between  9  to  10  microns  which  is  characteristic  of  microbial 
sludge  is  present  in  the  fuel  sludge  spectrum  and  is  apparently  due  to  inorganic 
sulfates  and  phosphates.  Bands  at  6,3  microns  and  in  the  13*5  micron  range 
indicate  that  the  fuel  sludge  contains  some  aromatic  components. 


In  general,  the  spectrum  obtained  on  the  sludge  is  typical  of  the 
normal  oxidation  products  usually  found  ir.  fuel  systems.  However,  it  should  be 
pointed  out  that  chemical  oxidation  products  vary  depending  on  the  crude  oil, 
refining  and  blending  procedures,  and  the  additives  used. 


Fuel  Sludge  ( 80001-01-26, 160) 
Microbial  Sludge  (111X-01-32,115) 


1600;1  C:P 
16s 1  C:P 


M  , 


Elemental  analyses  of  the  sludge  are  presented  in  Tables  XLII  and 
ILIII.  These  analyses  indicate  that  the  fuel  sludge  is  considerably  different 
chemically  than  the  microbial  sludge.  The  most  significant  differences  in  the 
two  materials  are  their  relative  phosphorus,  nitrogen,  and  oxygen  contents.  There 
is  a  100-fold  difference  in  the  carbon  to  phosphorus  ratios  in  the  two  materials: 


An  empirical  formula  of  02^350^’  was  obtained  on  the  fuel  sludge  compared  to  • 

CgHicjO^N  on  tho  microbial  sludge  sample  from  the  field  ( 111X-01-32, 115 ) .  The  oxygen 
and  nitrogen  content  of  the  fuel  sludge  is  lower  than  that  of  the  microbial  material* 
These  same  differences  are  apparent  when  the  C,  H,  0.  N  and  P  content  of  fuel  sludgqg 
is  compared  with  that  of  microbial  sludge  from  laboratory  systems. 


I 
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F.  Metabolic  Intermediates  in  Hydrocarbon  Oyldatlona 

To  elucidate  the  metabolic  pathways  involved  in  the  microbial  utiliza¬ 
tion  of  hydrocarbon  fuela  under  aerobic  conditions,  pure  cultures  and  purified 
hydrocarbons  were  employed.  Because  of  the  complex  nature  of  fuels,  possible 
interreactiors  and  synergistic  effects,  studies  with  mixed  cultures  and  fuela 
were  not  undertaken.  We  are  of  the  opinion  that  results  from  such  a  study  would 
be  difficult  to  interpret  and  would  therefore  be  of  little  help.  Also  appreciated 
is  the  fact  that  data  obtained  with  defined  systems  must  be  considered  with  some 
reservation. 

The  approach  employed  to  establish  intermediates  in  the  oxidation  of 
various  hydrocarbons  was  based  on  Stanier's  theory  of  "Simultaneous  Adaptation". (*) 
Cells  grown  on  a  particular  hydrocarbon  were  tested  in  the  Warburg  respirometer 
for  their  ability  to  oxidize  a  suspected  intermediate.  According  to  Stanier's 
theory,  a  compound  can  be  considered  an  intermediate  if  it  logically  fits  into 
the  proposed  pathway  and  is  readily  oxidized  by  the  organisms.  Any  delay  in 
oxidation  of  a  compound  is  considered  indicative  of  an  adaptive  system,  and  the 
compound  is  therefore  excluded  frcra  the  pathway.  However,  discretion  must  also 
be  used  here  since  solubility,  permeability,  and  toxicity  problems  may  be 
responsible  for  the  delay.  Solubility  and  toxicity  problems  may  be  overcome  by 
the  use  of  several  different  substrate  concentrations.  The  problem  of  permeability 
has  not  been  completely  solved;  however,  the  use  of  dried  cells  has  been  suggested 
as  a  solution. 

1.  Inoculum  II  on  n-Octane 


Preliminary  studies  with  octane  grown  cells  (Inoculum  II)  indicated 
that  octenoic  acid  is  an  intermediate  product.  Results  of  a  typical  Warburg  run 
are  shown  in  Figure  31*  The  octanoic  acid  was  actually  utilized  at  a  more  rapid 
rate  than  the  n-octane.  This  is  probably  due  to  several  factors;  namely,  1) 
octanoic  acid  is  more  water  soluble  than  octane,  2)  octanoic  acid  may  be  trans¬ 
ported  across  the  cell  membrane  mare  readily  than  tl»  hydrocarbon,  3)  the 
initial  oxidation  of  octane  is  probably  limiting,  and  b)  the  concentration  of 
n-octane  used  may  be  inhibitory. 

To  test  the  concept  that  the  hydrocarbon  was  inhibitory,  various 
concentrations  of  n-octane  were  checked  in  the  Warburg.  Figure  32  presents  the 
results  of  this  study  and  indicates  that  there  is  no  apparent  inhibition  at  the 
concentrations  tested.  It  appears  that  n-octane  oxidation  proceeds  at  a  slow 
rate  due  to  some  other  factor  or  factors. 


(*)  Stanier,  R.  Y.  (l9l*7)  Simultaneous  Adaptation:  A  New  Technique  for  the 
Study  of  Metabolic  Pathways.  J.  Eacteriology  5h,  339-31*8. 
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OXYGEN  uptake  in  pL 


Figure  31*  Oxidation  of  ootanoic  acid  and  n-octana  ty  cells  grown 
on  n-octane. 

fitch  flask  contained  2.7  ■!  of  cell  suspension  in  dilute 
ih  HUf  e@3ut.ep  §«4  ?sl  *4  ef  ip  nap  «ant  xqh  in  th* 
center  well.  Three  tenths  of  a  bI  of  n -octane  or-  JO  uj 
of  the  aodiut  salt  of  ootanoic  actd  were  added  to  the 
cupe.  Air  atmosphere. 
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Figure  3? ♦  The  effect  of  substrate  concentration  on  the  oxidation  of 

””  ~  n-octane.  j 

Each  flask  contained  3  ml  of  a  1*8  hour  cell  suspension  of 
Inocuiua  II  (l*.6l  mg  dry  wt.  per  ml). in  0.02  V  phosphate 
buffer.  pH  7>0.  The  center  well  contained  0.2  ml  of  20  % 

KOH.  Octane  was  added  from  the  side  arm.  temperature 
was  maintained  at  30  °C  and  the  atmosphere  was  air* 


-139- 


A  second  study  was  made  on  the  effect  of  various  concentrations  of 
octanoic  acid  on  oxidation  rater-.  Heptanoic  and  hexanoic  acids  were  also 
included  in  this  study.  From  the  res'll  Is  recorded  in  Table  XLIV,  it  can  be 
seen  that  hexanoic  acid  was  not  inhibitory  at  the  highest  concentration  used, 
150  but  that  this  concentration  of  both  heptanoic  and  octanoic  acids 
completely  inhibited  oxidation.  Lov>oi'  concentrations  of  these  two  acids  were 
oxidized  at  reasonable  rates. 


2,  Inoculum  III  on  Naphthalene 

One  of  the  organisms  (Inoculum  III)  isolated  from  the  mixed  tank 
bottom  sample  (Inoculum  I)  utilised  naphthalene,  1,2-dimethylnaphthalene,  and 
2-methylnaphthaiene  (Section  C-U).  In  this  study  an  attempt  was  made  to  confirm 
the  degradative  pathwayd)  of  these  compounds  by  observing  the  oxidation  of 
possible  intermediates  in  the  Warburg  resplroraeter.  Unfortunately,  only  salicylic 
acid,  of  the  commcnly  accepted  metabolic  intermediate u,  is  readily  available. 
Coumarin  and  1, 2 -naphthoquinone  used  in  this  study  are  not  considered  in  the 
direct  pathway  of  naphthalene  oxidation.  Furthermore,  the  latter  compound  is 
reported  to  be  inhibitory^),  l.-Naphthol  and  2-naphthol  have  been  implicated  in 
the  pathway  but  seem  not  to  be  generally  accepted' 3).  The  rate  of  oxidation  of 
these  compounds  by  cells  grown  on  naphthalene  is  shown  in  Table  XLV. 

It  should  be  noted  that  only  two  compounds,  naphthalene  and  salicylic 
acid,  are  oxidized  immediately;  all  the  others  were  oxidized  after  approximately 
a  30-minute  lag.  Based  on  the  "Simultaneous  Adaptation"  concept,  only  salicylic 
acid  should  be  considered  in  the  pathway.  However,  it  is  of  interest  that  1,2- 
naphthoquinone  exhibits  its  known  inhibition  only  after  30  minutes.  This, 
therefore,  suggests  the  possibility  that  solubility  and  permeability  problems 
may  cause  the  lag  and  that  some  of  the  other  compounds  may  be  intermediates. 

Also,  the  cells  used  in  this  study  had  a  rather  high  endogenous  rate. 
Although  they  were  washed  3  times  in  buffer,  it  might  be  hypothesized  that  it 
took  30  minutes  for  the  naphthalene  adsorbed  on  or  contained  in  the  cells  to  be 
utilized  before  the  other  compounds  were  oxidized.  Thie  night  infer  that  the 
site  of  salicylic  acid  oxidation  is  different  than  that  of  the  other  chemicals. 

While  these  data  do  not  establish  the  exact  netabolic  pathway  for 
naphthalene  oxidation,  they  nevertheless  indicate  that  salicylic  acid  is  an 
intermediate. 


(1)  Davies,  J.I.  and  Evans,  V.C.,  196b .  Oxidative  Metabolism  of  Naphthalene 
by  Soil  Pseudomonads.  Bloc  hem.  J.  91,  251-261. 

(2)  Murphy,  J.F.,  1953.  The  Bacterial  Dissimilation  of  Naphthalene. 

Ph.D.  Thesis*  Pennsylvania  State  College. 

(3)  Klausraeier,  R.E. ,  1958-  Microbial  Oxidation  of  Naphthalene. 

Ph.D.  Thesis,  Louisiana  State  University. 
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TABLE  XL 17 


The  Effect  of  Substrate  Concentration  on  the  Hate  of 
Oxidation  of  Hexanoic,  Heptanoic  and  Qctanoic 
Acid;  by  n-Octana  Grown  Celia 


Oxidation 

Hate  (pL  0?  Uptake/min.) 

of  Acid* 

Hexanoic 

Heptanoic 

Octanoic 

10 

l.iiU 

1.U0 

1.36 

50 

1.614 

1.3U 

1.6U 

1.71 

0.96 

1.22 

150 

1.7U 

0 

0 

Each  flask  contained  1  ml  of  a  U8  hour  cell  suspension 
of  Inoculum  II  grown  on  n-octane  (i*.61  rag  dry  vt/ml)  in 
0.02  M,  pH  7.0  phosphate  buffer.  The  center  well  contained 
0.2  ml  of  20$  KOH.  The  acid  salts  were  added  from  the  side 
arm.  The  temperature  was  maintained  at  30° C,  Air  Atmosphere 

* 


Sodium  salts  of  the  various  acids  were  employed  to  prevent 
drastic  pH  changes  and  to  minimize  solubility  problems. 


TABLE  XL? 


Rates  of  Oxidation  of  Various  Compounds 
Associated  with  Naphthalene  Dissimilation 

pL  0q  Consumed /Min. 

Naphth?.lene  (6  ;*) 

.65 

1,2  -Diaethylnaphthalene  (6  pM) 

.1*7  * 

2-Hethylnaphthalene  (6  pX) 

.50  * 

1-Naphthol  (3.5  jiM) 

.85  * 

2-Naphthol  (3.5  jiM) 

.81  * 

Salicylic  Acid  (6  jiM) 

1.7U 

Coumarin  (6  pM) 

.29  * 

1,2-Naphthoquinone  (3.)iH) 

-.82  * 

Each  Warburg  flask  contained  3  ml  of  a  2i*-hour  cell  suspension 
of  Inoculum  III  grown  or  naphthalene  (5.89  mg  dry  wt./ml)  in 
0.02  M  phosphate  buffer,  pH  7.0.  Hie  temperature  was  maintained 
at  30°C.  The  center  well  contained  0.2  ml  of  20$  KCH. 

Air  atmosphere . 


(*)  Exhibited  a  30  minute  lag. 
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3 .  Metabolic  Inhibitors 


Evidence  was  presented  by  Blanchard  and  Goucher(*)  which  indicated 
that  certain  olefins  are  inhibitory  to  the  oxidative  processes  of  sons  fuel 
organises.  They  did  not  mention  the  possibility  that  this  inhibition  wight 
provide  useful  information  on  mechanisms  of  microbial  oxidation  of  hydrocarbon 
fuel  components  and  the  degree  of  susceptibility  of  various  fuels  to  micro¬ 
organisms.  These  studies  were  apparently  made  with  organisms  which  preferentially- 
utilized  paraffin  components  of  jet  fuel.  For  these  reasons  we  initiated  a  study 
employing  cultures  which  oxidize  different  hydrocarbon  types  (Inoculum  II, 
n-paraffins,  and  Inoculum  HI,  naphthalene  and  methyl  naphthalenes).  Pentene-1 
and  hexene -1  were  employed  as  inhibitors. 

Because  the  inhibitors  are  extremely  volatile,  it  was  necessary  to 
dissolve  them  in  CITE  fuel.  This  reduced  the  amount  of  volatilization  and 
facilitated  •easureweru  of  pressure  changes  in  thB  Warburg  flasks.  Also(  since 
CITE  fuel  contains  relatively  large  quantities  of  octane  but  essentially  no 
naphthalene,  it  was  necessary  to  add  naphthalene  to  fuel  used  with  Inoculum  III. 

Results  of  the  Warburg  studies  are  shown  in  Tables  XLVT  and  XLVII. 

It  should  be  not»d  that  in  both  cases  the  olefins  inhibited  oxygen  uptake.  How¬ 
ever,  they  completely  inhibited  oxidation  by  the  octane  grown  cells,  including 
the  endogenous,  (Table  XL7I)  ,  while  only  oxidation  of  the  naphthalene  by 
Inoculum  III  calls  was  inhibited  (Table  XLVIX  ).  Two  possible  explanations  for 
this  effect  are  1)  the  differential  permeability  of  the  cells  for  the  inhibitor, 
and  2)  differences  in  the  sites  of  oxidation  of  the  hydrocarbons  or  intermediates. 

It  might  also  be  noted  that  the  rate  of  oxidation  wnen  both  CITE  fuel 
and  naphthalene  were  present  was  less  than  that  of  naphthalene  alone,  but  mare 
than  that  of  CITE  fuel.  The  reason  for  the  latter  observation  can  be  explained 
by  the  fact,  as  mentioned  before,  that  the  amount  of  naphthalene  is  limiting  in 
CITE  fuel.  However,  the  reason  for  the  observation  that  naphthalene  alone  caused 
an  increased  oxygen  consumption  relative  to  that  of  CITE  fuel  with  added  naphtha¬ 
lene  (5.0  to  3.1  -^\J>  O2  consumed  per  minute)  may  be  due  to  an  inhibitor  present 
in  the  CITE  fuel  or  to  a  difference  in  the  availability  of  the  naphthalene  when 
it  is  dissolved  in  fuel.  Subsequent  studies  did  not  resolve  these  points. 


(*)  Mechanism  of  Microbiological  Contamination  of  Jet  Fuel  and  Development 
of  Techniques  far  Detection  of  Microbiological  Contamination. 

Quarterly  Progress  Reports  Nos.  li  and  5  prepared  under  Contract  No. 

AF  33 (657) -9186  for  the  Air  Force  Aero  Propulsion  Laboratory  Research 
and  Technology  Division,  Wright-Pat  ter  son  Air  Farce  Base,  Ohio,  by 
Melpar,  Inc.,  Falls  Church,  Va.  Authors  G.C.  Blanchard  and  C,R.  Gaucher. 
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TABLE  ILVI 


The  Effect  of  Pentene-1  and  Hexene-1  on  the 
Rate  of  Oxidation  of  CITE  Fuel  by  o-Octana  Grown  Celia 


jiL  O2  Consumnd/tan. 


Endogenous 

2.6  * 

CITE  Fuel  (1  ml) 

2.5  * 

CITE  Fuel  (1  ml) 

+  0.5  ml  Pentene-1 

0 

CITE  Fuel  (1  ml) 

-*■  0.5  ml  Hexene -1 

0 

Each  Warburg  flask  contained  1.5  ml  of  a  U8-hour  cell  suspension 
of  Inoculum  II  grown  on  n -octane  (3-02  mg  dry  wt./ml)  In  0.02  9 
phosphate  buffer,  pH  7.0.  The  center  veil  contained  0.2  ml  of 
20%  KOH.  Temperature  was  maintained  at  30° C.  The  results  were 
corrected  for  pentene-1  and  hexene -1  volatility  but  not  for 
endogenous .  Air  atmosphere • 


(*)  These  rate  figures  were  obtained  from  the  linear  portion  of 
the  curves.  In  the  case  of  the  endogenous,  the  rate  dropped 
substantially  after  the  first  30  minutes,  while  the  CITE  fuel 
units  continued  at  essentially  the  same  rate  until  the  run 
was  discontinued. 
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TABLE  XL VII 


The  Effect  of  Pentene-1  and  Hexene -1  on  the 
Rate  of  Oxidation  of  CITE  Fuel  and  Naphthalene 
by  Naphthalene  Grown  Cells 


f£L  0?  Consuaed/Min. 


Endogenous 


CITE  Fuel  (1  ml) 
Naphthalene  (100  mg) 
Naphthalene  (100  mg) 
Naphthalene  (100  mg) 
Naphthalene  (100  mg) 


♦  CITE  Fuel  (1  ml) 

♦  CITE  Fuel  (1  ml) 

♦  CITE  Foal  (1  ml) 


*  0.5  ml  Pentene-1 

♦  0.5  ml  Hexene -1 


1.1* 

2.1* 

5.0 

3.1 

i.S 

1.7 


Each  Warburg  flask  contained  1.5  ml  of  a  2l*-hour  cell  suspension  of 
Inoculum  III  groan  on  naphthalene  (5.89  mg  dry  ir;./ml)  in  0.02  M 
phosphate  buffer,  pH  7.0.  The  center  well  contained  0.2  ml  of  20% 
KOH.  Temperature  was  maintained  at  30°C.  The  results  were  corrected 
for  pentene-1  and  hexene -1  volatility  but  not  for  endogenous. 

Air  atmosphere. 


IV.  Recommendation*  for  Future  Studies 


1,  The  effect  of  microorganisms  on  the  quality  of  other  more  conmonly 
used  fuels  should  be  investigated. 

2*  A  more  detailed  investigation  should  be  made  on  the  mechanisms 
involved  in  the  microbial  utilization  of  hydrocarbon  fuel 
components.  Emphasis  should  be  placed  on  the  determination  of 
factors,  including  structural  characteristics,  which  influence 
the  rate  and  degree  of  attack. 

3.  The  relative  importance  of  mic roorgan isms  in  the  corrosion  of 
ferrous  metals  should  be  investigated.  An  effort  should  also  be 
made  to  determine  the  association  of  corrosion  products  with  fuel 
contamination  and  microbial  sludge  problems. 

U«  A  more  practical  investigation  should  bs  made  to  evaluate  vjprious 
means  of  controlling  microbial  growth  in  fuel  systems.  Including 
the  use  qf  biocides,  filter  devices,  etc. 


***•*■#••»#** 
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AFPENDII  A 


RP-1  Storage  Testa 


Container »  One  pint,  soft  glass,  French  square  sample  bottles  sterilized 
In  a  dry-  oven  at  1?0°C  for  four  hours.  Bottles  were  capped  with  aluminum 
foil  during  the  sterilisation  process.  Plastic  screw  caps  with  aluminum 
liners  were  sterilised  separately  by  autoclaving  at  15  psi  for  20  minutes 
(1?1°C). 

Fuelt  RP-1  fuel  supplied  by  U.  S.  Army  Natick  Laboratories  (Voucher  No. 
T056-63 )  was  sterilised  by  filtering  through  a  0.1i5  micron  Millipore  filter. 
Approximately  iiOO  ml.  of  the  sterilized  fuel  was  added  aseptically  to  each 
test  unit  after  the  water  bottoms  had  been  added. 

Water  bottoms  i  Sea  water,  tap  water,  salt  solution  and  inocula  were  added 
to  the  bottles  to  give  a  total  of  20  ml.  water  bottoms.  The  units  were 
set  up  ip  triplicate  according  to  the  following  table. 


Test 

Series 

Sea 

Water1 

Tap  , 
Water*1 

Active  Sterile 

Inoculuar  Inoculum^ 

Salt  Steel 

Solution^  Wool6 

BP-1 

FUel 

I 

10  ml. 

9  ml. 

1  ml. 

4- 

U00  ml 

II 

w 

8  ml. 

1  ml. 

1  ml.  + 

It 

III 

n 

9  ml. 

1  ml. 

a 

IV 

n 

8  ml. 

1  ml. 

1  ml. 

ft  . 

V 

w 

9  ml. 

1  ml. 

4- 

«t 

VI 

Tt 

8  ml. 

1  ml. 

1  ml.  ♦ 

ft 

VII 

It 

9  ml. 

1  ml. 

n 

VIII 

n 

8  ml. 

1  ml. 

1  ml. 

n 

11 

— No  Water - - 

♦ 

ft 

X 

— No  Water — — 

ft 

Footnotes 


1.  Natural  sea  water  from  the  Atlantic  Ocean  was  employed  in  these  tests. 
The  water  was  aged  several  months  before  use.  It  was  sterilised  in  a 
pyrex  container  by  autoclaving  at  15  psi  for  20  mLnutes(12i°C).  The 
sea  water  contained  0.6  ppm  nitrogen,  0.03  ppm  phosphorus,  and  20,200 
ppm  chloride  ion. 
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APPENDIX  A  (Cont'd.) 


2,  Tap  water  used  in  the  tests  was  sterilized  in  a  pyrex  container  by 
autoclaving  at  15  psi  for  20  minutes  (121°C).  Ibis  water  is  purified 
Lake  Michigan  water  having  a  total  hardness  of  approximately  125. 

3.  The  active  inoculum  consisted  of  a  composite  of  contaminated  water 
bottom  samples  collected  from  a  number  of  bulk  fuel  oil  storage  tanks 
Just  prior  to  cleaning.  The  composite  was  diluted  with  an  equal  volume 
of  distilled  water  before  use.  An  estimated  1,000,000  bacteria,  y^aet, 
and  fungi  were  present  in  the  diluted  bottoms.  Sulfate-reducers  were 
also  present. 

U.  A  portion  of  the  above  mentioned  tank  bottom  composite  was  sterilised 
in  a  pyrex  container  by  autoclaving  at  15  psi  for  20  minutes  (121°C.). 

5.  Salt  solution  used  to  supplement  the  nitrogen  and  phosphorus  in  the 
water  bottoms  contained  1(0  mg.  NH^NO^,  20  mg.  NaHgPO^Hpf',  and  hO  mg. 
K^HPO^  per  ml.  of  distilled  water,  or  1U  mg.  of  nitrogen  and  11.62  mg. 
of  phosphorus.  The  final  levels  of  nitrogen  and  phosphorus  in  the 

20  ml.  of  water  bottoms  were  700  and  5®0  ppm  respectively. 

6.  A  small  ball  of  steel  wool  was  added  to  the  respective  units.  Hie 
steel  wool  was  rinsed  with  benzene  and  then  with  acetone  to  remove 
rust  inhibitors  and  residual  oil.  It  was  sterilized  in  a  dry  air 
oven  at  r<3°C  for  four  hours. 

For  comparative  purposes,  three  units  uere  set  up  as  in  Series  II  with 
commercial  jo:,  fuel  (Kerosine)  substituted  for  the  RP-1  fuel. 

Storage  Conditions  t  All  units  were  stored  at  30°C  in  the  dark  with  caps 
loose  to  permit  air  exchange. 

Sampling ;  All  units  were  sampled  at  2  week  intervals  over  a  period  of  8 
weeks.  Since  all  tests  were  set  up  at  the  same  time,  only  one  inoculated 
series  was  sampled  initially.  Ihe  pK  of  the  water  bottoms  was  checked 
initially  and  at  the  and  of  the  8  week  period. 

Microbiological  Analyses;  One  tenth  ml.  of  the  water  bottoms  from  units 
in  series  I  through  IV  was  added  to  9.9  ml.  of  sterile  distilled  water 
to  give  an  initial  dilution  of  1:100.  TGE  and  Sabouraud  agar  plates  were 
streaked  as  described  in  Appendix  C.  The  remaining  series  were  checked 
for  sterility  by  adding  0.1  ml.  from  each  replication  in  a  series  to  20  ml. 
of  nutrient  broth. 
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Microbiological  Media  Employed 


Sabouraud  Maltose  Agar  (Difco) 


Naopeptons 
Maltose 
Bacto-Agar 
Distilled  water 


10  g. 

1*0  g. 

20  g.* 
1000  ml. 


Plate  Count  Agar  (TGE)(Difco) 


Bacto-Tryptone  5.0  g. 

Bacto-Yeast  Extract  2.5  g. 

Bacto-Dextrooe  1.0  g. 

Bacto-Agar  20.0  g.* 

Distilled  water  1000  ml. 


Nutrient  Broth  (Difco )( Modified) 


Nutrient  Broth  Difco  8.0  g. 

Dextrose  1.0  g. 

Yeast  Extract  2.5  g. 

Distilled  water  1000  ml. 


Twenty  ml.  aliquots  dispensed  in  U  oz.  bottles  prior  to 
sterilizing  at  15  psi  for  20  minutes.  pH  7.0  after  sterilisati 


The  usual  Agar  content  is  15  g.  per  liter.  More  (20  g) 
was  used  in  these  tests  to  stiffen  the  culture  media  and 
facilitate  streaking. 
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Mineral  Salts  Solution 

1.00  g. 

2.00  g. 

2.00  g. 

0.30  g. 

0.01  g. 

0.01  g. 

C.01  g. 

1000  ml. 

Twenty  ml.  aliquots  in  li  oz.  bottles  pH  adjusted  to  7.ii  before 
dispensing  and  sterilizing  at  15  psi  for  20  minutes  (121°C). 

Ten  Per  Cent  Sea  Water  Solution 


Natural  Sea  Water^  100  ml. 
Tap  Water  (Chicago)  900  ml. 
NH^NO-j  2  gm. 

NaH2P0U'H2°  1 
K„HP0,  2  gm. 


The  solution  was  adjusted  to  pH  7 ,h  prior  to  sterilization. 
Aliquots  were  dispensed  as  desired  and  the  solution  steam 
sterilized  at  15  psi  for  20  minutes. 

Fuel  or  hydrocarbon  substrates  were  added  to  the  solution 
after  sterilization.  The  individual  fuels  and  hydrocarbons 
were  sterilized  separately  by  filtration  through  a  0.li5  micron 
Miilipore  filter. 

Agar  plates  containirg  a  n-paraffin  mixture  (Appendix  G)  were 
prepared  by  adding  2%  Difco  agar  tc  the  above  solutions  prior 
to  sterilization.  After  sterilization,  and  while  still  hot, 

2%  hydrocarbon  was  added  and  tne  medium  was  passed  through  a 
hand  homogenizer  (E.  H.  Sargent,  No.  S-61615)  directly  into 
sterile  Petri  dishes. 

(1)  Natural  sea  water  obtained  from  the  Atlantic  Ocean. 
The  water  was  aged  several  months  before  use.  It 
contained  0.6  ppm  nitrogen,  0.03  ppm  phosphorus,  and 
20,200  ppm  chloride  ion. 


NaH2P0ii‘H20 

k2kpou 
NHjiN03 
MgS0^*7H2O 
MnCl2-l*  H20 
CaC03 

FteSO^*  7  H20 
Distilled  water 
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Dilution  Streak  Technique 

A  standard  platinum  loop  is  used  to  deliver  and  spread  0.01  ml.  of  sample 
or  appropriate  initial  dilution  evenly  over  the  upper  half  of  the  agar 
plate  (Figure  1,  A).  The  loop  is  then  flamed  (heated  until  glowing), 
cooled,  and  a  diagonal  streak  approximately  5  cm.  long  is  made  with  the 
flat  of  the'  loop  through  the  inoculated  half  of  the  plate.  The  material 
picked  up  ia  spread  evenly  over  the  lower  right  quadrant  of  the  plate 
(Figure  1,  B).  The  loop  is  again  flamed,  cooled,  and  a  streak  made  acrosa 
the  lower  quadrant  into  the  remaining  quadrant.  The  material  so  col¬ 
lected  is  spread  evenly  over  the  last  quadrant  (Figure  1,  C).  The  plate 
is  then  incubated  for  2h  tc  U8  hour9  at  ambient  temperature  or  it  30  to 
35°C.  depending  on  available  facilities  or  the  type  of  organisms  involved. 
Longer  incubation  periods  may  be  employed  for  the  detection  of  fungi. 

It  is  necessary  to  cool  the  loop  in  sterile  water  between  streaking  steps 
because  it  is  made  of  heavy  gauge  wire  and  cools  slowly.  Fbur  ounce 
French  square  wide  mouth  bottles  are  excellent  containers  for  the  sterile 
water . 

After  incubation,  plates  are  read  quantitatively  by  a  scale  such  as  that 
shown  in  Figure  2  which  is  based  on  an  undiluted  sample.  The  scale  will 
obviously  vary  with  the  initial  dilution  employed. 

The  number  of  organisms  present  may  only  be  estimated  to  the  nearest  whole 
or  half  log^Q*  Examples  of  dilution  streak  plates  employing  undiluted 
samples  are  shewn  in  Figure  3.  The  last  quadrant  of  each  plate,  in  this 
case  will  determine  the  estimated  number  of  organisms  per  ml.  Plate  A 
has  less  than  10  colonies  in  this  quadrant  and  ~100  in  the  opposite  section; 
therefore,  the  count  ia  estimated  at  10°  or  1,000,000  per  ml.  In  Plate  B 
the  last  quadrant  has  10-100  colonies  and  more  t£an  100  in  the  opposite 
section;  therefore,  the  count  is  estimated  at  10“  or  5,000,000  per  ml. 

The  use  cf  exponents  is  quite  handy  but  may  result  in  some  confusion  as 
a  result  of  using  "half  logs."  "Half  logs"  in  this  case  indicates  a 
value  half  that  of  the  next  whole  log  as  the  count  estimated  for  Plate  B. 

Care  must  be  taken  to  avoid  overlapping  the  various  sections  of  the  plate 
while  streaking.  Also,  particular  care  must  be  taken  to  avoid  contaminating 
the  sterile  water  used  to  cool  the  loop.  As  in  all  bacterial  counting 
procedures,  the  technique  is  only  as  good  as  the  inoculum  employed.  The 
sample  should  therefore  be  shaken  vigorously  so  that  a  representative  inoculum 
may  be  obtained. 
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nmro  Z 

EijUaaUn^  Number  of_Orxmt*n>  per.  yd.  ofijerlia^Dnutlon^-^aked  Plates 
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CITS  fuel  Storage  Taste 


Contains ra i  Group  A  -  One  pint,  soft  glass,  French  square  bottles  containing 
1*60  *l1  of  CITE  fuel  were  steam  sterilised  at  15  psi  for  20 
minutes  ( 2lt8°F) .  Twenty  ml  of  water  bottoms  were  added  after  the  units  had 
cooled  to  room  temperature. 

Oroup  B  -  One  gallon  lug  type,  uncoated,  steel  containers,  6$ 
inches  in  diameter  and  7-1/6  indies  high  (see  Figure  1),  were  filled  with  1 
gallon  of  CITE  fuel  and  steam  sterilised  at  15  psi  for  20  minutes  (21*8®F). 
After  the  units  had  cooled  to  room  temperature ,  100  ml  of  water  bottoms  was 
added. 

Water  Bottoms;  Sea  water,  tap  water,  salt  solution  and  inocula  were  added 
to  the  bottles  and  steel  containers  according  to  the  fol¬ 
lowing  table.  All  units  were  set  up  in  triplicate. 

Oroup  A  (Glass  Bottles) 

(Contents  in  ml.) 


Sea 

Distilled 

Tap  Inoculum^ 

Salt 

CITE 

Series 

Water^- 

Water* 

Water-’  Active  Sterile 

Solution^ 

F\iel6 

I 

10 

9 

1 

1*00 

II 

10 

8 

1 

1 

« 

III 

19  1 

ft 

IV 

18  1 

1. 

ft 

V 

10 

9 

l 

ft 

VI 

10 

8 

l 

1 

ft 

VII 

19 

l 

ft 

VIII 

18 

l 

1 

ft 

IX 

ft 

Group  B 

(Steel  Containers) 

(Contents  in  ml.) 

I 

50 

1*5 

5 

1  gallon 

II 

50 

1*0 

5 

5 

ft 

ft1 

8 

l 

5 

ft 

II 

V 

5o 

1*5 

5 

ft 

VI 

50 

1*0 

5 

5 

ft 

VII 

95 

5 

ft 

vni 

90 

5 

5 

ft 

ii 

ft 

(See  following  page  for  footnote 

references) 
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II 

Footnotes  j 


(1) 


(2) 

0) 

(h) 


(5) 


(6) 


Natural  sea  water  from  the  Atlantic  Ocean  was  employed  in  these  tests* 

The  water  was  aged  several  months  before  use.  It  was  sterilised  in  a 
pyrex  container  by  autoclaving  at  1$  psi  for  20  minutes.  The  sea  water 
contained  0.6  ppa  nitrogen,  0.03  ppm  phosphorus,  and  20,200  ppm  chloride  ions 

Distilled  water  was  sterilized  in  pyrex  as  described  above. 

Tap  water  used  in  the  tests  was  sterilized  in  a  pyrex  container  as  described 
above.  This  water  is  purified  Lake  Michigan  water  having  a  total  hard¬ 
ness  of  approximately  125. 

Hie  inoculum  employed  was  a  composite  of  contaminated  water  bottom  samples 
collected  from  a  number  of  bulk  fuel  oil  and  kerosine  storage  tanks.  The 
composite  was  diluted  with  an  equal  volume  of  distilled  water  before  use. 

An  estimated  1,000,000  bacteria,  yeast  and  fungi  were  present  in  the  diluted 
composite.  Sulfate-reducers  were  also  present.  A  portion  of  this  mater¬ 
ial  was  sterilised  as  described  above  for  the  sterile  control  units. 

Salt  solution  used  to  supplement  the  nitrogen  and  phosphorus  in  the  water 
bottoms  contained  1*0  mg.  NH^NO , ,  20  mg.  Naf^PO^'H^  and  u0  mg.  KgHPO^ 
per  ml.  of  distilled  water,  or  1U  mg.  of  nitrogen  and  11.62  mg.  of 
phosphorus.  The  final  levels  of  nitrogen  and  phosphorus  in  the  water 
bottoms  were  700  and  580  ppm  respectively. 

CITE  fuel  was  supplied  by  U.  S.  Army  Natick  Laboratories,  (Voucher  No. 
3050-63)  and  was  reportedly  prepared  according  to  Military  Specification 
MXL-F-45121A  dated  20  May  I960. 


D 

•B 

G 

D 

0 

D 

G 

0 

0 


Storage  Conditions:  All  units  were  stored  at  room  temperature  (75-80 °F. ) 

with  caps  lo^se  to  permit  air  exchange.  Glass  unitr, 
were  stored  in  the  dark  to  prevent  changes  in  the  fuel  catalyzed  by  light. 

Sampling :  All  units  were  sampled  at  2-week  intervals  over  a  period  of  8 

weeks.  Two  additional  samples  were  collected  at  U-week  intervals. 
Hie  overall  storage  time  was  16  weeks.  Since  all  tests  were  sot  up  at  the 
same  time  and  in  a  similar  manner,  only  one  inoculated  series  was  sampled 
initially.  The  pH  of  the  water  bottoms  was  checked  initially,  at  8  weeks 
and  at  the  end  of  16  weeks.  Profile  samples  were  collected  fi-om  the  steel 
containers  to  permit  visual  observations  of  the  fuel  anu  water  bottoms.  This 
was  accomplished  by  employing  sterile  pyrex  glass  tubes  approximately  12 
inches  in  length  and  10  mm  ID.  The  tubes  were  used  like  pipettes  and  the 
large  diameter  tubing  provided  a  relatively  undisturbed  profile  sample.  The 
tubes  were  carefully  discharged  into  sterile  screw  cap  test  tubes  for  examina¬ 
tion  and  photographing.  Vigorous  shaking  of  the  tubes  followed  by  a  period 
of  settling  was  used  to  observe  emulsification  tendencies. 
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Microbiological  Analyses t  One  tenth  al.  of  the  water  bottom  from  unit* 

in  series  I  through  IV,  both  Test  A  and  B,  was 
added  to  9.9  ml.  of  sterile  distilled  water  to  give  an  initial  dilution  of 
ltlOO.  Difco  Plate  Count  Agar  (TOE)  and  Sab our and  Maltose  Afar  were  streaked 
as  described  in  Appendix  C,  to  estimate  the  numbers  of  viable  microorganisms 
present.  The  remaining  units  in  both  Test  A  and  B  were  checked  for  sterility 
by  aiding  0.1  ml.  from  each  replication  in  a  series  to  20  ml.  of  Nutrient 
Broth.  Media  employed  are  presented  in  Appendix  B. 


APFENDII  E 


gravimetric  Pet end  nation  of  Sludge 


The  amount  of  sludge  formed  in  glass  units  without  added  Iron  was  determined 
gravimetrically.  Approximately  300  ml.  of  fuel  was  decanted  from  each  unit 
to  prepare  composii  >  samples  of  fiiel  for  Quality  Tests.  Bie  remaining  100  ml. 
of  fuel  and  the  water  bottor;a  were  filtered,  and  the  amount  of  sludge  present 
determined.  An  outline  of  uhe  equipment  and  procedures  employed  follows t 

Equipments  Filter  unit  comprised  of  a  Cocrs  Porcelain  Qooch 
Crucible,  F-7,  with  Glass  fiber  filter  paper, 

No.  93b -AH  (R.  Reeve  Angel  and  Co.,  Inc.) 

Filtering  flasks  with  side  tubes,  pyrex. 

Glass  filter  funnels,  pyrex. 

Solvents:  n-Hexane  (Commercial  Grade) 

Riel  Sludge  Solvents  Equal  portions  of  benzene,  acetone 
arxl  methyl  alcohol.  (ASTM  Standards  of  Petroleum  Products, 
Vol.  I,  1961.  Appendix  XVI,  pp.  120ii-1207). 

Procedure:  1.  The  remaining  100  ml.  of  fuel  in  each  unit  was  carefully 
decanted  and  filtered  through  a  tared  filter  unit.  Hexane 
was  used  to  remove  residual  fuel  from  the  pad  after  the 
initial  filtration.  The  filter  unit  was  then  washed  with 
Riel  Sludge  Solvent  and  the  extract  was  transferred  to  a 
tared  evaporating  dish.  The  filter  unit  was  then  dried 
to  constant  weight. 

2.  The  water  bottoms  and  interface  material  were  filtered 
through  another  tared  filter  unit.  Several  washings  with 
distilled  water  were  necessary  to  completely  remove  all 
sediment  from  the  bottles.  After  the  filtration,  the 
residue  was  washed  thoroughly  with  hexane,  dried  and  washed 
with  Fuel  Sludge  Solvent.  The  final  extract  was  added  to 
the  material  obtained  in  the  first  step.  The  filter  unit 
was  then  dried  to  constant  weight. 

3.  The  evaporating  dish  containing  Fuel  Sludge  Solvent 
extracts  from  steps  1  and  2  '■fas  placed  in  an  oven  to 
evaporate  the  solvent  dried  to  constant  weight. 

U.  The  filtered  water  phase  was  adjusted  to  a  volume  of 
100  ml.  and  z  10  ml.  aliquot  transferred  to  a  tared  crucible. 
Water  was  evaporated  and  the  units  dried  to  constant  weight. 
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the  following  materials  were  obtained  employing  this  procedure  on  two  units 
from  each  series t 

A.  Insoluble  Material  -  Insoluble  in  fuel,  water,  and  bentene- 

acetone-tno thyl  alcohol  solvent  mixture. 

6.  FUel  Sludge  -  Material  insoluble  in  fuel  and  water  but  soluble 

in  bensene -a cet one -methyl  alcohol  solvent  mixture. 

C.  Non-volatile,  water  soluble  materials  and  fine  particles  which 
may  have  passed  through  the  filter  pads. 
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CITE  Riel  Additive  Evaluation 


Containers i  The  tests  were  set  up  in  one-pint,  soft  glass,  French  square 
sample  bottles  with  screw  caps.  The  bottles  were  capped  with 
aluminum  foil  and  sterilised  in  a  dry  air  oven  at  170°C.  for  3  hours.  The 
screw  caps  were  sterlliaed  separately  in  an  autoclave. 

CITE  Fuel:  Additive -free  CITE  fuel.  Blend  1,  was  sterilized  ir.  bulk  in 

t  a  sealed  stainless  steel  cylinder  by  heating  at  200°F.  for 

8  hours.  After  cooling  to  room  temperature,  U00  ml  of  the  fuel  were  dispensed 
aseptically  into  sterile  bottles. 

Water  Bottoms :  Ten  percent  natural  aged  sea  water,  diluted  with  tap  water, 

was  employed.  The  active  water  bottom  was  prepared  by  making 
a  5?  solution  of  the  inoculum  in  sterile  10?  sea  water.  In  a  similar  manner, 
a  5?  solution  of  inoculum  in  10?  sea  water  was  sterilized  by  autoclaving  at 
15  psi  for  20  minutes  to  be  used  as  sterile  water  bottoms.  The  pH  of  both 
solutions  was  adjusted  to  7.0  before  they  were  dispensed  in  the  bottles. 

Inoculum;  The  inoculum  employed  was  a  composite  of  contaminated  water 

bottom  samples  collected  from  a  number  of  bulk  kerosine, 
gasoline,  JP-U,  diesel,  and  heating  fuel  storage  tanks.  The  composite  was 
first  diluted  with  an  equal  volume  of  distilled  water  and  then  mixed  thoroughly 
In  a  Waring  blender  for  2  minutes.  A  final  1:5  dilution  was  made  with  dis¬ 
tilled  water  before  adding  the  inoculum  to  the  10?  sea  water  as  described 
above.  The  final  1:5  dilution  of  the  inoculum  contained  an  estimated  5,000,000 
microorganisms,  including  bacteria,  yeast  and  fungi.  Sulfate -reducers  were 
also  present. 

Additives :  An  appropriate  di?  tion  of  each  additive  was  prepared  in  CITE 

fuel,  and  steam  sterilized  at  15  psi  for  20  minutes.  The 
additive  solution  was  then  added  to  the  kOO  ml  of  fuel  in  each  bottle  to  give 
the  desired  concentration  (Tables  XVI  and  XVII),  After  adding  the  appropriate 
dilution  to  the  fuel,  the  contents  of  each  bottle  were  thoroughly  mixed. 

Storage  Conditions:  All  units  were  stored  in  the  dark  at  30°C.  with  caps 

loose  to  permit  air  exchange. 

Sampling :  All  units  were  sampled  bi-weekly  over  a  period  of  eight  weeks. 

The  pH  of  the  water  bottoms  in  each  unit  was  checked  at  the 
end  of  eight  weeks. 
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Microbiological  Analyses ;  One  tenth  ml  of  the  water  bottoms  from  active 

units  was  added  to  9.9  ml  of  sterile  distilled 
water  to  give  an  initial  dilution  of  1:100,  Difco  Plate  Count  Agar  (TOE) 
and  Sabouraud  Maltose  Agar  were  streaked  as  described  in  Appendix  C,  to 
estimate  the  number  of*  viable  microorganisms  present.  The  sterile  control 
units  were  checked  at  four  and  eignt  weeks  by  adding  0.1  ml  from  eaoh  repli- 


cation  in  a  series 
in  Appendix  B. 

of  20  ml  of  Nutrient  Broth. 

Media  employed 

are  presented 

h 

** 

Details  of  Test  Series: 

Series 

Designation 

ml  of  Sterile 
CITE  Fuel 

ml  of  10$  Sea  Water 
Active  Sterile 

Iron* 

0 

A 

2*00 

20 

n 

* 1 

B 

2*00 

20 

\  * 

C 

2*00 

20 

+ 

*•* 

D 

2*00 

20 

♦ 

* 

E 

i*oo 

F 

2*00 

♦ 

! 

(*)  ♦  Indicates  the  addition  of  a  small  piece  of  sterile 

steel  wool.  The  steel  wool  was  washed  with  benzene  and 
acetone  to  remove  residual  oil  and  corrosion  inhibitor. 
It  was  then  sterilized  in  a  dry  air  oven  at  170°C.  for 
3  hours. 


!i  i 


»»  « 

- 1 


i  * 

t  i 


APPERDII  0 


Preparation  of  Pure  Hydrocarbon  Bleed 


The  following  blend  of  pure  hydrocarbonj  va a  prepared  on  a  weight 
basis  tc  give  equimolar  concentrations  of  the  various  components .  the 
blend  was  sterilised  by  filtering  through  a  0.U5  micron  Mil  11  pore  filter, 
and  dispensed  aseptically  as  needed. 


Constituents  of  Pure  Hydrocarbon 
Blend  -  n -Paraffins 


Hydrocarbon 

Grams  in  M: 

n-Heptane 

hh 

n -Octane 

5c 

n-Nonane 

56 

n-Undecane 

67 

n -Code cane 

76 

n-Tetradecane 

88 

n-Hexadecane 

100 

(*)  All  hydrocarbons  were  Phillips  grade  pure 
or  99+  Mol,  %, 

Weights  of  each  hydrocarbon  were  calculated  to 
give  equimolar  concentrations  in  the  final  blend. 
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Warburg  Manomstrlc  Procedures 


The  apparatus  used  In  this  study  was  a  constant  temperature  Warburg 
Respirometer  (American  Instrument  Co.,  Inc.)  equipped  with  125  ml  BOD 
flasks  with  center  well.  The  contents  of  the  flasks  we  s  as  follows  j 


Flask 

10%  Sea  Water  Solution  (Appendix  B)  29.0 

Hydrocarbon  Liquid  1.0 

or  cr 

Solid  (Powder)  0.5 

Inoculum  1.0 


Center  Well 

1036  KOH 


1.0  ml. 


All  studies  were 
minute  with  amplitude 


conducted  at  30°C.  with  agitation  (72  cycles  per 
of  U  an)  in  an  atmosphere  of  air. 


The  following  purified  hydrocarbons  (Phillips  Research  Grade,  99'f  Mol  % 
American  Petroleum  Institute  or  National  Bureau  of  Standards  compounds)  were 
tested  in  this  system: 

n-Paraffins  Heptane 

Octane 

Tridecane 

Tetradecane 


Iso -Paraffins 


Aromatics 


Cy clopa  ra  f f  ins 


Isooctane 
2 -Methylheptane 
2 -Methylhaxane 

Benzene 
Toluene 
meta -Xylene 

1 . 2  ,ii-Trimsthylbenk,w.:e 
n-Propylbenzene 
Isopropylbenzene 
Naphthalene 
Biphenyl 

1 . 3  -D  imethyl cy  clohe  xane 

A  mixture  of:  Cyclopentane 

Methyl cyclopentane 
Cyclohexane 
Methyl cyclohexane 
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Procedures  for  the  Determination  of  Proteins  and  Carbohydrates 


Proteins 

1.  Lowry  method  with  Folin  Phenol  Reagent  (Lowry,  0.  H.,  et  *1.,  1951, 

J.  Biol.  Chem.,  193,  265) 

Reagents  s 

Fblin-Ciocalteau  Phenol  Reagent  (E.  H.  Sargent  &  Co.)  diluted  1:2 
in  distilled  water  before  use. 

Protein  Reagent:  prepared  by  adding  1.0  ml  of  2£  CuS0j,*5H20  and 
1.0  ml  lijJ  sodium  tartrate  solution  to  100  ml  of  UJ{  ^2*0^  solution. 
(Prepared  as  needed.) 

Protein  Standard:  Bovine  serum  albumin. 

Procedure : 

1.  Add  0.5  ml  of  sample  to  a  calibrated  colorimeter  tube. 

2.  Add  5.0  ml  of  Protein  reagent  and  allow  to  stand  approximately 
10  minutes  in  a  L5#C.  water  bath. 

3.  Add  0.5  ml  Folin  Reagent,  mix  thoroughly,  and  let  stand  15 
minutes  at  room  temperature. 

L.  Read  in  Spectronic  20  colorimeter  at  660  millimicrons. 

2.  Spectrophotometric  Method  (Warburg,  0.,  and  Christian,  W.,  19U2 
Biochem.  Z.,  310,  38U) 

Protein  was  determined  spectrophotometrically  by  measuring  light 
absorption  at  280  and  260  millimicrons  in  a  Cary  Recording  Spectro¬ 
photometer,  Model  11  MS.  Hie  data  given  by  Warburg  and  Christian 
for  known  mixtures  of  crystalline  enolase  and  yeast  nucleic  acid  were 
used  to  correct  for  nucleic  acid  content.  A  5  nl  silica  cell  (d'*1.0  cm) 
was  employed. 

3.  Modified  Biuret  (0.  Belsenherz,  et  al.  1953  Zeitschrift  fur  Naturfors chung 
8b,  576-577). 

Reagents : 

Biuret  Reagent:  Nine  grams  of  KNaC.  H,  0^ ‘liHgO  are  dissolved  in 
U00  ml  of  0.2  M  NaCH.  Th ree  grans  of^finely  powdered  CuSO^’S^O 


r  SMS t>  V 
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end  5  grams  of  KI  are  then  added.  Each  salt  waa  dissolved  completely 
before  adding  the  next.  The  solution  was  then  adjusted  to  1000  ml 
with  0.2  M  NaOH. 


Protein  Standard;  Bovine  senua  albumin 


Procedure i 


1.  Cell  free  water  bottoms  were  prepared  by  centrifugation 
at  5000  rpm  for  30  minuteii. 

2.  Fifteen  ml  of  3  M  trichloroacetic  acid  ( TCA ) were  added  with 
agitation,  to  85  ml  of  the  cell  free  water  sample  or  a 
dilution  thereof. 

3.  The  solution  was  allowed  to  stand  for  1  to  3  minutes  and 
was  then  centrifuged  at  5000  rpm  for  30  minutes.  The 
supemate  was  decanted  and  the  precipitate  waa  washed  1  to 
3  times  with  0.5  M  TCA.  The  number  of  washings  depended  on 
the  amount  of  excess  salts  present. 

ii.  five  ml  of  Biuret  reagent  were  added  with  stirring  to  the 
precipitate.  The  volume  was  then  adjusted  to  10  ml  with 
distilled  water. 

5.  After  allowing  30  minutes  for  color  development,  the  optical 
density  of  the  solution  was  determined  on  a  Baush  and  Lomb 
Spectronic  20  colorimeter  at  5U6  mu.  A  blank  containing  5  ml 
of  Biuret  reagent  and  5  nil  of  distilled  water  waa  employed. 

6.  The  quantity  of  protein  present  was  determined  from  a  bovine 
serum  albumin  standard  curve. 

Dialysis 

To  remove  water  soluble  materials  which  interfered  with  the  »-> *  sis,  aliquots 
representing  of  the  water  bottoms  wore  dialyzed  against  i\  ;jiing  tap  water 
for  a  minimum  of  16  hours.  Protein  determinations  were  made  before  and  after 
dialysis. 
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Carbohydrates 

Anthrone  Method  (Ashwell,  0« ,  1957,  Colorimetric  Analysis  of  Sugars, 
in  keiVioda  in  Enaymology  II,  8U,  Edited  by  Colowick,  S.  P.  end  Kepi* a, 
N.  0. ,  Academic  Press,  Inc.,  N.  Y. 

Reagent:  Two  grams  of  anthrone  is  dissolved  in  a  liter  of  con¬ 
centrated  Sulfuric  Acid, 


Procedure i 

1.  10  ml  of  Anthrone  Reagent  was  added  to  a  test  tube  and 
chilled  to  15-20°C. 

2.  5  ml  of  sample  or  standard  was  carefully  layered  over 
the  reagent  and  allowed  to  chill. 

3.  Die  tubes  were  then  shaken  vigorously  while  still  immersed 
in  the  bath. 

U.  The  tubes  were  then  brought  to  room  temperature  and  placed 
in  a  90°C.  bath  for  16  minutes. 

5.  Upon  removal  from  the  bath,  they  were  cooled  to  room 
temparature  and  read  at  62 $  mu  in  a  Spectronic  20 
Colorimeter. 
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Methods  Employed  for  the  Determination  of  Non-Protein 
_ and  Non-Carbohydrate  Compounds _ _ 


The  presence  of  neutral  and  acidic  compounds  determined  by  employing 
the  procedures  outlined  by  A.  C.  Neish  (Analytical  Methods  for  Bacterial 
Fermentations,  Report  No.  U6-6-3j  1952,  National  Research  Council  of 
Canada ) . 

Step  1.  Distillation  of  volatile  neutrals.  A  50  ml.  aliquot  of 
each  water  bottom  was  adjusted  to  pH  S.O  with  foaOH  and  distilled. 
Approximately  ?5  ml  of  distillate  were  collected. 

Step  2.  Steam  distillation  of  volatile  acids.  The  residue  from 
Step  1  (25  ml)  was  adjusted  to  pH  It  wltE  phosphoric  add,  and  steam 
distilled.  Approximately  250  ml  of  distillate  were  collected. 

Step  3.  Extraction  of  non-volatile  neutrals.  The  residue  from 
Step  2  (25  ml)  was  adjusted  to  pH  6.6  with  Na6H,  A  10  ml  aliquot  was 
then  extracted  with  1.0  ml  of  redistilled  carbon  tetrachloride. 

Step  U.  Extraction  of  non-volatile  acids.  The  portion  of  unextracted 
residue  from  Step  3  (l5  ml)  was  then  adjusted  to  pH  U.O  with  phosphoric 
acid.  A  10  ml  aliquot  was  then  extracted  with  1.0  ml  of  redistilled  carbon 
tetrachloride. 

The  presence  of  neutral  compounds  in  the  distillate  from  Step  1  was 
determined  by  the  Acid  Dichromate  procedure  described  by  Neish.  In 
addition,  a  carbon  tetrachloride  extract  of  the  distillate  was  prepared 
and  analyzed  in  a  Varian  Model  A-60  NMR.  The  carbon  tetrachloride  extracts 
prepared  in  Steps  3  and  lj  were  also  analyzed  by  the  NMR. 

Titration  with  0.01  N  NaOH  was  used  to  establish  the  presence  of 
to la tile  organic  acids  in  the  steam  distillate  from  Step  2. 
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Data  on  Pamantor  Ope  rat  Iona 


A  single  unit  Micro Fferm  Laboratory  Ferment or,  manufactured  ty 
New  Brunswick  Scientific  Co.,  Inc.,  New  Brunswick,  N.J.,  was  employed 
in  these  studies.  Sea  water  medium  as  described  in  Appendix  B,  Qiartsrly 
Progress  Report  No.  U,  was  used  in  this  system. 

Run  No.  1  -  Inoculum  II  on  n-Octane 


Hie  formentor  was  set  up  with  10  liters  of  sea  water  solution  (pH  7.U) 
containing  50  ml  of  n-octane  (Phillips  Pure  Qrade,  99+  Mol.  %) .  A  5% 
inoculum  of  2U-hour  cells  vas  employed. 

Air  Flow  5  liters  per  minute 

Mixing  Rate  U00  rpm 

Octane  was  added  continually  at  a  rate  of  3  ml  per  hour  during  the 
entire  run  because  of  hydrocarbon  loss  due  to  volatility.  Silicone  anti¬ 
foam  (Dow  Corning  Anti -foam  A)  was  added  sparingly  while  the  fermentor 
was  operating.  Approximately  1  ml  of  anti -foam  was  added.  The  fermenter 
was  shut  down  after  119  hours  of  continuous  operation.  Final  pH  of  the 
medium  was  U.8. 

Run  No.  2  -  Inoculum  III  on  Naphthalene 

The  fermentor  was  set  up  with  10  liters  of  sea  water  solution  (pH  7«ii) 
and  25  grams  of  naphthalene  (DSP  Grade).  A  $%  inoculum  of  2ii-hour  cells 
was  employed. 


Air  Flow  3  liters  per  minute 

Mixing  Rate  600  rpm 

The  fermentor  was  operated  continuously  for  a  period  of  26  hours  before 
being  shut  down  because  of  foaming.  Final  pH  of  the  medium  was  6.9. 

Run  No.  3  -  Inoculum  I  on  CITE  Fuel 


The  fermentor  was  set  up  with  5  liters  of  sea  water  solution  and 
5  liters  of  CITE  fuel.  A  5%  inoculum  (based  on  aqueous  phase)  was  added 
to  the  system. 


Air  Flow 
Mixing  Rate 


5  liters  per  minute 
U00  rpm 
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After  36  hours  operation,  the  fuel  phase  had  been  reduced  by  1.5 
liters.  This  volume  was  replaced  by  an  aliquot  0-30£  cut  of  the  fuel. 

Another  aliquot  was  added  on  the  third  day.  The  pH  was  unchanged  up  to 
this  time .  On  the  fourth  day  heavy  growth  was  observed  along  with 
emulsification.  Anti-foam  was  not  added  to  the  system.  The  pH  had 
dropped  to  5.0.  At  this  time  the  unit  was  shut  down  and  allowed  to 
stand  for  3  days.  The  contents  of  the  ferraentor  were  divided  in  half 
and  used  to  inoculate  two  UO-liter  carboys  containing  CITE  fuel. 

Run  No.  1*  -  Inoculum  II  on  CITE  fuel 

the  fermentor  was  set  up  with  5  liters  of  sea  water  solution 
(pH  7.1*)  and  5  liters  of  CITE  fuel,  Blend  1  (QfR  2). 

Air  Flow  5  liters  per  minute 

Mixing  Rate  600  rpm 

lhe  fermentor  was  shut  down  after  78  hours  of  continuous  operation.  A 
heavy  stable  emulsion  fbrmed  on  the  third  day  of  operation.  The  final 
pH  of  the  water  bottoms  was  6.2. 

Run  No.  5  -  Inoculum  III  on  CITE  fuel 

The  fermentor  was  set  up  as  described  above  for  Run  1*.  After 
li*0  hours  of  continuous  operation  the  fermentor  was  shut  down.  During 
the  first  72  hours,  no  significant  amount  of  growth  was  apparent  in 
the  system-  At  that  time  10  grams  of  naphthalene  (USP  Grade)  was  added. 

Forty -eight  hours  after  the  addition  of  naphthalene,  only  slight  microbial 
growth  had  occurred  and  the  pH  had  dropped  to  6.7.  During  the  next  20  hours, 
heavy  growth  developed  and  a  thick  emulsion  formed.  Final  pH  of  the  water 
bottoms  was  5.0. 
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Procedures  Employed  to  Separate  Phaaea 
Obtained  in  the  Fsrmentor  Rune 


Fractionation  of  sludge  and  water  bottom  samples  was  carried  out 
as  outlined  In  Appendix  E.  In  addition,  two  other  fractions,  a  water 
extract  and  a  n -hexane  extract,  which  had  previously  been  combined  with 
the  water  bottoms  and  fuel  phases  respectively,  were  handled  separately. 

They  were  given  the  following  designationa. 

PVaction  D  -  Water  soluble  oxtrr;'-  t  Materials  extracted  fro* 
the  sludge  with  disv  .ed  water.  The  water 
bottoms.  Fraction  C,weie  handled  separately. 

Fraction  E  -  Hexane  solubles i  Materials  extracted  from  the 
sludge  with  n -hexane. 

Separations  employed  on  the  fementor  contents  after  each  run  are 
presented  below.  Three  phases  were  obtained  from  each  fuel  run.  Frac¬ 
tionations  were  made  on  the  sludge  fraction  and  on  the  residue  obtained 
from  the  emulsions.  No  attempt  was  made  to  analyze  the  fuel  phases  at 
this  time. 

Fermentor  Runs  1  and  2  -  Inoculum  II  on  n-Octane  and  Inoculum  III  on  Naphthalene 

Microbial  sludge  (cells)  were  readily  collected  by  centrifugation  at 
5000  rpm. 

Fermentor  Rons  3  and  1*  -  Inoculum  I  on  CITE  (2  stage)  and  Inoculum  II  on 

5ITB  fuel - ^ - 

1)  An  initial  separation  of  the  fuel,  interface  and  water  phases  was 
made  in  a  separatory  funnel.  In  Run  3  the  bulk  of  the  fuel  was  decanted 
before  the  volume  could  be  handled  in  a  separatory  funnel. 

2)  The  Interfacial  emulsion  was  washed  extensively  with  distilled 
water.  Cells  were  removed  from  the  water  washings  by  centrifugation  at 
5000  rpm.  Following  the  water  treatment,  the  emulsion  was  washed  exten¬ 
sively  with  n-hexane  in  an  effort  to  remove  the  fuel  phase.  The  remaining 
emulsion  was  evaporated  to  dryness  at  105°C. 

3)  The  fuel  phase  was  relatively  clear  but  was  filtered  through  No.  1 
Whatman  paper  to  remove  traces  of  water. 

U)  Cells  were  removed  from  the  water  bottoms  by  centrifugation  at  5000  rpm. 
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Fementor  Run  5  -  Inoculum  III  on  CITE  fuel 


An  attempt  was  made  to  separate  the  three  phases  as  described  above 
for  Run  5.  The  fuel  was  separated  easily  along  with  the  emulsion  phase. 
However,  centrifugation  at  speeds  up  to  25,000  rpm  (Sharpies  Supercentrifuge) 
would  not  remove  the  cells  from  the  water  phase. 

The  interfacial  emulsion  was  treated  as  described  above  and  then 
collected  on  Nc.  1  Whatman  filter  paper  in  a  Buchner  funnel.  Hydrocarbon 
and  water  were  forced  through  the  filter  paper.  The  paper  was  then  dried 
at  105°C  and  the  residue  collected. 

To  facilitate  analysis  of  the  water  bottoms,  the  entire  layer, 
including  cells,  was  evaporated  to  dryness  at  105°C.  The  dried  residue 
was  subjected  to  the  routine  extractions  and  analyses. 

This  run  was  repeated  and  the  water  bottoms  collected.  Cells  were 
removed  by  filtration  and  centrifugation  to  obtain  water  bottoms  for 
analysis . 


-172- 


APFE1CII  M 


Fractionation  of  Microbial  Sludga 


The  following  procedure  was  employed  in  an  effort  to  obtain  a 
relatively  pure  carbohydrate  fraction  for  infrared  analysis. 

1.  Microbial  sludge  from  Ffermentor  Run  1  was  autoclaved  and 
dried  at  105°C  overnight. 

2.  Ten  ml  of  10$  TCA  ( trichloroacetic  acid)  were  added  to  one 
gram  of  dried  sludge.  The  mixture  was  stirred  far  1.5  hours  at  0°C. 

3.  The  precipitate  was  then  collected  by  centrifugation  at  5000 
rpm  at  0°C.,  and  washed  three  tines  with  10$  TCA  solution. 

4.  The  supernate  and  all  TCA  washings  were  combined  and  evaporated 
to  dryness. 

5.  The  dried  acid  soluble  material,  which  included  carbohydrates, 
was  washed  three  times  with  100  ml  aliquots  of  ether.  This  was  followed 
by  three  washes  with  absolute  ethyl  alcohol  to  remove  the  TCA. 

6.  The  final  preparation  was  dried  and  an  IR  spectrum  prepared. 
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n-Tet^-docane  Series 


One  gallon  square  milk  bottles  vere  employed  as  culture  containers 
for  two  fungus  cultures,  Inocula  IV  and  VII.  The  bottles  were  set  up 
a  fellows. 


hC>0  ml  Sea  Water  Solution,  pH  7.ii  (OPR  U) 
it  ml  n-Tetradecane  (Filter  sterilized) 

1  ml  Inoculum  (Including  clump  of  fungus 
mycelium) 


The  bottles  were  incubated  on  their  sides  to  increase  the  surface  area 
available  for  fungus  growth. 
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1.  Carbon  and  hydrogen  Macrocombustion  Apparatus  Model  1237A 

Hallikainen  Instruments 
Berkley,  Calil’. 

2.  Ash  (%)  ASTM  Procedure  D-W32-63 

AS1M  Standnrue  lyoii,  ?srt  1?,  pp  218-19 

3.  Oxygen  Sinclair  method  involving  chromatographic 

determination  of  carbon  monoxide  after 
'•eduction  pyrolysis. 

Gas  Chromatographic  Determination  of 
Total  Oxygen  in  Organic  Materials, 

Boys,  F.  L.  and  Dworak,  ID.  D.,  to  be 
published  in  '‘Developments  in  Applied 
Spectroscopy*  vol.  Jj. ,  Plenum  Press 

li.  Sulfur  Peroxide  Bomb  Combustion  Technique 

Parr  Manual  No.  121,  p.  28 
Parr  Instrument  Co. 

211  53rd  St. 

Moline ,  Ill . 

5.  Nitrogen  Modi flea  Coleman  Nitrogen  Analyzer, 

Model  29,  UrJ +  equipped  with  gas  chromato¬ 
graph. 

6.  Phosphorus  ASTN  Prcadurs  D-1091-58T 

ASTM  St* shards  196U,  Part  17,  pp.  387-396 

7.  Sodium  and  potassium  Beckman  DU  with  Flame  Photometer  attachmen 

8.  Metals  (Qualitative)  i.5  Meter  Grating  Emission  Spectrograph 

Applied  Research  Laboratories  Instrument 
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thea  weed  te  predate  sludge  freu  fuel  sad  pure  hydreesrbeas.  Ketheds  were  out® 
Mated  fur  the  frsetlsastlsa  sad  aaelysls  ef  sludge,  laseluble  sludge  as*  t*mi 
te  be  prlatrlly  ulsrabisl  cells,  general  salveat  salable  fractloas  were  «kscsst«r« 
laed  as  sensei  cell  sent  assure  sad  fuel  escyeaeats  acidised  by  the  test  ergmlw*. 
Be  eubetssclsl  sceuauMtleas  ef  extracellular  pretelaa  sad  carbsfcydrstes  war©  ©b- 
served. 

C  cage  rises  ef  wltreblsl  sludge  free  the  lakes*  Secy  with  s  field  staple  Indica¬ 
ted  bath  ceacsiaed  esseatlslly  the  ssse  ■  sap  semis.  Isww,  slereblel  sludge 
was  asrhedly  differ**!  free  aatasl  fuel  ehsaicsl  aaidstisa  prefects. 


Fuel: we ter  eaalsioas  were  stabilised  by  cells  sad  prebabiy  aierablaUy  ealdited 
fuel  espatou.  Me  take  lie  studies  ladisated  that  reesguised  pathways  were  Idles* 
#4  for  the  exldetiss  ef  s-psrsffia*  sad  aesphttelsae. 
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